Naval Facilities Engineering Command

Testing, Adjusting, Balancing, & Start-Up
Automatic Controls Acceptance Testing
&

Duct Air & Leakage Test

A Reference Handbook

Revised by:

James B. Ewing, P.E.
&
Doug S. Taylor, P.E.

NAVFAC ATLANTIC
Construction Engineering Branch, Code CI52

April 2004



TABLE OF CONTENTS

PREFA CE. ...
INTRODUGCTION. .. .ttt ettt e e e e e e e e e e n e
TABS: MAJOR ELEMENTS/SUBMITTALS/WORK ACTIVITIES...............

TABS AGENDA EXAMPLE: DESIGN REVIEW REPORT AND
PRE-FIELD ENGINEERING REPORT ............

TABS PREREQUISITE CHECKLIST ...
TABSVERIFICATION TEST PLAN EXAMPLE. ...
ACATS: MAJOR ELEMENTS/SUBMITTALS/WORK ACTIVITIES.............
AUTOMATIC CONTROLS ACCEPTANCE TEST PLAN EXAMPLE............
CONSTRUCTABILITY REVIEWS. .. ...,
COMMON TABS RELATED CONSTRUCTION PROBLEMS.....................
REFERENCE DETAILS. .. .o e
PROGRESS PAYMENTSFOR TABS. ... e
TABS/ACATS SUBMITTAL REVIEW PROCEDURES.............ccoovii i,
PROVIDING GUIDANCE TO THE CONTRACTOR.......cccvviiiiiii e,

REFERENCE PUBLICATIONS. .. ... e



PREFACE

Over the past two decades, there has been a continuing trend towards more sophisticated
and complex Heating, Ventilating, and Air Conditioning (HVAC) Systems for all facets
of new building construction. This trend has been fairly universal in that it has evolved
both within Government and the private sector. Commercial, institutional, and industrial
facilities have all seen change.

There is no single reason as to why this trend has occurred. Instead, it would appear to be
fueled from several directions. Recognition of the need to increase levels of energy
conservation, increased awareness of the importance of proper indoor air quality, the
increasing sophistication of operational demands (such as temperature and humidity
control requirements) within new facilities, and increased expectations (such as multi-
zone control) by facilities' users have played a contributing role.

To meet the increased demands of testing and verifying proper installation and operation
of these new systems, there is a recognized need within the HVAC industry to provide a
structured and organized systems approach for this effort. For this purpose, the Atlantic
Division, Naval Facilities Engineering Command (NAVFAC ATLANTIC/PACIFIC) has
implemented the Testing, Adjusting, Balancing, and Start-up (TABS)/Automatic
Controls Acceptance Tests (ACATS)/Duct Air Leakage Tests (DALTS) Program, which
is patterned after industry-accepted practices.

This handbook is intended to provide an informational reference guide to OICC/ROICC

personnel on the TABS/ACATS/DALTS Program. The contents are for guidance and
information use only and should not be considered to be a directive.
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TABS/ACATS/DALTS: AN INTRODUCTION

WHAT IS THE TABS/ACATS/DALTS PROGRAM?

TABS/ACATS/DALTS is a process, which uses a combination of submittals and work
activities to provide an efficient, thorough means of identifying deficiencies in either the
installation or operation of HVAC systems. This process is actually a management
control system, which is intended to provide a structured approach for checking the
installation and operation of newly constructed HVAC systems and the automatic
controls associated with these systems. Given the complexity of these systems, there is a
recognized need to use an organized, systematic approach in this effort.
TABS/ACATS/DALTS has been put into practice by NAVFAC ATLANTIC/PACIFIC
to fill this need.

TABS/ACATS/DALTS are both acronyms. "TABS" is short for "Testing, Adjusting,
Balancing and Start-up." The name is derived from the tasks that are a part of the overall
checkout of the “HVAC” “Heating, Ventilating and Air Conditioning” systems.
Similarly, "ACATS" is short for "Automatic Controls Acceptance Tests," which refers to
the series of tests the installed automatic controls undergo during the overall process.
“DALTS” is short for “Duct Air Leakage Tests”, which refers to the series of tests that
are performed on the installed ductwork to confirm that the leakage rate does not exceed
the allowable leakage rate for the seal class and construction of the specific duct to be
tested.

In summary, TABS/ACATS/DALTS is a process, which, in an organized, systematic
way, ensures the proper installation of HVAC systems and confirms that the equipment is

functioning to its intended level of performance.

WHY IS TABS/ACATS/DALTS UTILIZED?

The primary reason for utilizing TABS/ACATS/DALTS is to significantly reduce the
problems experienced with HVAC systems after the facility is occupied and to provide a
means for reacting quickly to resolve problems when they are encountered. Our first
interest must be to minimize, to the greatest possible extent, operational disruptions,
inconvenience, or discomfort for our customers.

In the past, NAVFAC ATLANTIC/PACIFIC has experienced problems with installed
HVAC systems associated with new construction. More often than not, these problems
were not discovered until after the facility had become fully occupied and operational.
At times, these problems were so severe as to cause major disruption of facility
operations and high levels of customer dissatisfaction. On investigation, these situations
were usually found to be the result of several elements.

Construction deficiencies were found to be a major contributing factor. Problems such as
improperly installed ductwork, piping, and equipment were appearing frequently. By
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utilizing the TABS/ACATS/DALTS process, many of the construction deficiencies can
be discovered during construction and prior to facility occupancy. This provides an
opportunity to reduce the number of problems experienced after occupancy and to
minimize their severity when they do occur.

Design mistakes have also proven to be a common source of problems. Misinterpretation
of operational needs and design errors/omissions are frequently encountered. Items such
as undersized piping/ductwork, under-sizing of fans/pumps, and incorrect cooling load
estimates do occur. TABS/ACATS/DALTS assists in identifying such problems and
helps facilitate a course of action for making corrections.

TABS/ACATS/DALTS is very helpful in quickly differentiating between design and
construction deficiencies when a problem is encountered. The field data, which is
compiled during TABS/ACATS/DALTS, is invaluable in evaluating a problem and
assigning the problem to the appropriate party for correction. Much wasted time can be
avoided in deciding who has ownership of a problem. Problems can be resolved more
quickly as a result.

TABS/ACATS/DALTS is effectively used in providing feedback for continuing change
and improvement to design criteria. The information compiled during the process helps
identify areas that require improvement and those design features, which are working
well. This gives us the advantage of being able to prepare our designs based on previous
successes while avoiding past mistakes.

Improved operating efficiency of the systems will result if they are installed properly. If
the water and air volume flow rates intended by the design are attained and the automatic
controls systems are properly functioning, it is much more likely that efficient operation
can be attained. TABS/ACATS/DALTS contributes significantly in meeting this
objective. Improved operating efficiency results in financial savings to the user over the
entire life of the installed systems.

The TABS report provides a very effective planning document for use in
evaluating any future changes to the mechanical systems.

WHAT ARE THE LIMITATIONS OF TABS/ACATS/DALTS?

This process will not achieve a "zero defect" condition. Economic considerations and
time restrictions do not, as a matter of practicality, allow a regimen of quality control and
quality assurance that would give us that capability. As a practical goal, we set as an
objective to minimize problems being identified after facility occupancy.

TABS/ACATS/DALTS is normally conducted just prior to contract completion and in
advance of facility occupancy. Problems, which are the result of the design not fully
satisfying operational needs, may not become apparent until after occupancy. For
example, a computer complex which is outfitted with far more equipment than had been
anticipated by the designer will not be evident until after the computer equipment has
been made operational. However, the process does assist with such situations by



providing the necessary field data to set a corrective plan of action in place quickly. Our
reaction time in responding to such problems is decreased as a result.

TABS verification tests/inspections are not contractually required for one hundred
percent check of all systems installed. Instead, verifications are conducted on a
representative sample basis for each of the system types installed. For example, if ten air
handling units were installed on a given project, the contract specifications may dictate
that only three of the units are to undergo verification tests. This leaves the possibility
that latent problems may remain undiscovered on those units that are not checked.
However, statistically, the probability of problems being encountered are reduced.

TABS/ACATS/DALTS is conducted in a given season (winter/summer) just prior to
facility occupancy. Some problems may not express themselves until a later seasonal
condition exists. As an example, if an air conditioning system was installed on a project,
which is initially tested during the winter, operational problems may not be identified
until the following summer.

In summary, unrealistic expectations can be avoided if it is understood that there are
certain risks that remain with regard to the TABS/ACATS/DALTS process. The process
greatly reduces the probability of major problems and provides a vehicle for promptly
responding to problems when they arise. "Zero defect" should not be seen as a realistic
goal.
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TABS: MAJOR ELEMENTS/SUBMITTALS/WORK ACTIVITIES

The following provides a detailed description of the overall TABS process. So far, we have
discussed TABS on a level of generalities. We will now proceed to discuss all major elements of
the process as typically identified by Specification Section 15950. We will also review how
those elements relate to each other. This will include a description of the submittals required and
how they are used. Also, we will discuss the work activities involved. They will be presented in
sequential fashion representative of the order in which the processes normally would take place.

MAJOR ELEMENTS OF TABS

e The services of a TABS Agency are procured to properly balance the air and
water systems associated with the installed HVAC systems.

e A design review is conducted by the TABS Engineer to minimize future rework
resulting from errors.

e A thorough test is conducted on all of the automatic controls systems to confirm that the
correct control sequences have been attained, to ensure that the controls are properly
calibrated, and to exhibit repeatable/stable control characteristics.

e The installed equipment is monitored to ensure proper performance. Heat
transfer data is compiled and reported for equipment to determine whether it
is operating at levels that are satisfactory. Also, equipment operational data, such as motor
amps and fan speed, is compiled and confirmed to be in an acceptable range.

e Any construction deficiencies or design problems that are identified during the course of
TABS efforts are corrected prior to project completion where practical.

e Sound level readings are taken within the conditioned spaces to confirm that the mechanical
systems are not creating noisy conditions for the facility occupants.

e Any problems requiring change in design criteria for future projects are compiled and
forwarded, with recommendations, to NAVFAC ATLANTIC/PACIFIC CI43.

TABS SUBMITTALS AND WORK ACTIVITIES

Step 1 (Qualifications Submittal) - A qualifications submittal is required shortly after contract
award. This submittal must provide documentation to demonstrate the experience level, formal
training, and experience of the TABS Agency and its personnel. The specific individuals that
will work on the project are identified, and a resume of their training/work experience is
provided. The purpose is to ensure that the TABS Agency and the personnel that they intend to
use are sufficiently qualified to properly conduct the TABS work effort. The TABS Agency
plays an important role in the overall process. They must have a diverse and in-depth knowledge
of HVAC systems if they are to do an effective job.



Step 2 (Pre-TABS Meeting) - A Pre-TABS Meeting is normally required on larger, more
complex projects early after the TABS qualifications submittal has been approved. The purpose
of this meeting is to ensure that the Contractor and the Government have a mutual understanding
of the scope of work for the TABS effort and to resolve any existing misunderstandings very
early in the process. The prime Contractor, his CQC staff, the Sheet Metal Contractor, the
Electrical Contractor, the Mechanical Contractor, the Automatic Controls Contractor, and the
TABS Engineer are required to be in attendance. This meeting provides a very opportune time
to set the proper tone and to convey a seriousness of intent to all of the participants. It also
provides the opportunity for encouraging a team approach and selling the Contractor on the
importance of regular coordination meetings.

Step 3 (Design Review Report Submittal) - Once the Agency qualifications have been
approved, the TABS Engineer, assigned by the TABS Agency, is required to conduct a thorough
review of the project plans and specifications. The purpose of this review is to identify anything
inherent to the design, which would prevent the HVAC systems from being successfully TAB'D.
Examples of items which might be identified as deficient would be the absence of balancing
dampers in ductwork, missing or improperly placed balancing valves in water piping, or
inadequate access to equipment to allow balancing to be conducted. The intent of this

submittal is not to require the review of less obvious design features, such as adequate pipe or
duct sizes. On completion of his review, the TABS Engineer is required to submit his findings in
a report. It is commonplace to issue a modification to incorporate needed changes into the
contract as a result of the design review report. We wish to emphasize the importance of
obtaining this submittal as soon as possible. If needed changes are identified early, it is
relatively easy and inexpensive to get them incorporated. On the other hand, if the Contractor is
allowed to submit this report late, it can result in significant delays, rework, greatly increased
costs, and high frustration levels for all parties.

Step 4 (Pre-field Engineering Report Submittal) - The key to conducting a successful TABS
process is preparation and planning. To that end, the TABS Engineer is required to prepare a
report, which thoroughly documents his entire scope for implementation of fieldwork. Step-by-
step procedures are provided describing what systems are to be TAB'D, what procedures are to
be used for each system, the instrumentation that will be used in each case, and the order in
which the work will be conducted. A complete set of the intended final TABS report sheets is
included showing all data that will be submitted on completion of the TABS fieldwork. The
primary purpose of this submittal is to encourage the Contractor to be fully prepared on arrival at
the jobsite to conduct his fieldwork. It is also intended to provide the Government, in advance,
with a description of the Contractor's intended scope of work. Any misunderstandings with
regard to scope of work can be resolved in advance of the TABS Engineer completing his
fieldwork, demobilizing, and submitting his final TABS report. This helps prevent a situation,
which would require the Contractor to remobilize to the jobsite for compiling any additional data
that may have been overlooked. It helps to avoid loss of Contractor profits, loss of valuable
time, and maintains a positive working relationship between the Contractor and the Government.

The Contractor is also required to submit a blank prerequisite checklist with the submittal. This
checklist is a standard checklist, which has been prepared by the National Environmental



Balancing Bureau (NEBB). Its function is to provide an outlined plan for use by the prime
Contractor in coordinating the many work activities that have to be completed by several trades
before the TABS Engineer can begin his fieldwork. These checklists are turned over to the
prime Contractor who is then expected to act as a project manager to ensure that the checklists
are filled in. The work is then certified to be complete for each HVAC system before the TABS
Agency is asked to start their fieldwork.

Many projects contain a requirement in Specification Section 15950 to conduct TABS in two
different seasons, Season I and Season II. The two seasonal TABS are required to be conducted
during seasons of maximum heating load and maximum cooling load. The intent of this
requirement is to be able to examine how well the systems are performing under the two
seasonal extremes that they will typically encounter. These seasons of maximum load are
defined to occur when actual outside air temperatures are sufficiently close to the design outside
air temperatures indicated on each project's construction drawings. So as not to be overly
restrictive to the Contractor, the specifications allow the TABS work to be conducted over a
range of allowable outside air temperatures. These ranges are normally plus or minus 15 degrees
Fahrenheit for maximum cooling load and plus or minus 30 degrees for maximum heating load.
We wish to emphasize that this constraint applies only to heat transfer performance data and to
equipment that cannot be operated during a given season of TABS for risk of damage.
Normally, water and air proportionate balancing may be conducted under any seasonal extreme.
The Contractor is expected to clearly identify all work activities that will be conducted under
each respective season as part of the Pre-field Engineering Report Submittal.

Step 5 (Season I Pre-requisite Checklist Submittal) - Once the work has been completed for
each respective HVAC system and the prerequisite checklists have been completed as described
above in Step 4, the project is then ready for field mobilization by the TABS Contractor. Prior to
mobilization, the prime Contractor submits the completed checklists, which are signed and
certified attesting to the completion of the work in total. After review and approval of the
checklists, the TABS Agency is authorized to proceed with the fieldwork. The submittal also
provides notification of the date on which the TABS Engineer will commence fieldwork. The
Contractor is required to provide notice of the date when TABS work will commence to ensure
from a quality assurance standpoint that all preparations have been satisfied.

We wish to emphasize the importance of enforcing this submittal and insisting
that it be properly implemented and taken very seriously by the Contractor.

TABS Agencies have conveyed to the Command that proper use of the prerequisite checklist is
critical to success in implementation of TABS. This checklist is felt to be a valuable tool for
effective coordination of trades that ensures efficient use is made of the TABS Engineer's time.
They expressed the opinion that proper use of the submittal is frequently abused. We should
seek to avoid such occurrences.

Step 6 (Season I TABS Field Work) - Once the prerequisite checklist has been completed and
submitted, the TABS Agency is free to proceed with the fieldwork. Typically, at this point,
several work activities will occur. All air and water systems will be proportionately balanced,
and the appropriate seasonal performance data will be compiled and incorporated into a final



report. During the course of fieldwork, the Contractor is required to report immediately any
deficiency, which is perceived to be design related. The matter is then evaluated by NAVFAC
ATLANTIC/PACIFIC or the project A-E, as appropriate, and recommendations are forwarded to
the ROICC for making the necessary corrections. On completion of the fieldwork, the TABS
Engineer will compile all field data into a final report. Once all of the data has been checked to
ensure accuracy and completeness, the report is certified by the TABS Engineer. The Agency's
seal and TABS Engineer's signature are affixed to the report.

Step 7 (Season I Certified TABS Report) - It is emphasized that all TABS submittals are
forwarded directly to NAVFAC ATLANTIC/PACIFIC for review, including both in-house and
A-E designs. The reports are examined for completeness and for conformance to the scope
defined by the Pre-field Engineering Report (Step 4). The data is examined to determine
whether any

deficiencies are apparent that have not been identified by the TABS Engineer in the report body.

If no omissions or errors are identified which are of a significant nature, the report is forwarded
to the ROICC with review comments affixed. The Season I TABS field check can then be
scheduled.

Step 8 (Season I TABS Field Check) - The TABS field check is a Quality Assurance function.
Representatives of the Government meet the Contractor at the jobsite for the purpose of giving
the Contractor the opportunity to demonstrate the accuracy and repeatability of the data
contained within the certified TABS report. This function is used for conducting the final
approval of the TABS work. Data to be checked is selected by the Government Representative
in attendance. Up to twenty-five percent of the reported data may be checked during the testing.
During testing, the Contractor is expected to provide all instrumentation and to conduct tests in
the same fashion used during data compilation for the final report. If the Contractor repeats the
results of the original reported data within tolerances of plus or minus five percent, the test is
acceptable. For data, which cannot be repeated to the stated tolerances, the system being tested
is subject to disapproval. If a sufficient number of points of reported data fails to meet the
required tolerances, the entire report is subject to disapproval at the Government Representative's
discretion. It is emphasized that, as a matter of policy, complete disapproval of a report should
only be exercised under extreme conditions. In most cases, it is advantageous to both parties to
allow the Contractor to provide supplemental data for the out-of-tolerance systems after they
have been corrected. Re-testing of out-of-tolerance systems should, as a matter of policy, be
conducted after supplemental data has been submitted.

NOTE: This is the single most important activity associated with the TABS process. The field
check should always be conducted. Also, a Government Representative should always be in
attendance. Utilize CI52 personnel to the maximum extent possible for this purpose. Try to
provide a minimum of ten days' advance notice to CI52 when possible. Every effort will be
made to accommodate shorter notice, but this may not always be possible.

Step 9 (Season I TABS Completion) - On successfully completing the Season I Field Check,
the Contractor is required to permanently mark all balancing dampers and balancing valves to
show their final balanced position. All test ports installed in the ductwork are checked and



verified to have been plugged, and the duct insulation is reinstalled over the test port locations.
The test port locations in the ductwork are permanently marked on the insulation exterior for
future location/use. The TABS Engineer will have, at that point, satisfied all contractual
requirements, which must be met prior to the specified contract completion date. The remaining
Season II TABS work is carried as a punch list item, which must be completed prior to the close
out of the contract. Liquidated damages are never assessed against Season II work.

Step 10 (Season II Prerequisite Checklist Submittal) - Prior to starting Season II

field work, the Contractor is required to submit a completed prerequisite checklist

as described above in Step 5. The checklist would address any systems which were not
completed at the time of Season I evaluation. The following are provided as examples of
systems that may require a Season II for completion of TABS:

e Air handlers, equipped with six to eight row coils and very close coil fin spacing, can
experience significant increases in air friction pressure drop when operating under wet coil
conditions as compared to dry coil conditions. This can result in unacceptably low airflows
being attained under wet coil conditions. For a project where the first season TABS occurs
in the winter, it would be desirable to conduct final airflow balancing during the following
summer when wet coil conditions can be attained.

e Some air conditioners, which are not equipped with special optional features, cannot be
operated in the winter during periods of cold weather as the equipment may be damaged.
The equipment would have to be operated in the following summer season to verify proper
operation.

As with equipment TAB'D during the Season I TABS, the Contractor should confirm the
installation and preparation are completed prior to allowing the TABS Engineer to commence
work.

We wish to emphasize that a recurrent problem of marginal maintenance has been encountered
in attempting to conduct Season II fieldwork. The Contractor's ability to conduct the second
season work is dependent upon a properly applied preventive maintenance program after facility
turnover. It is the Government's responsibility to ensure that the Contractor can conduct his
fieldwork when he arrives at the jobsite. It is highly recommended that the ROICC conduct an
advance walk-through of the facility prior to the date of fieldwork commencement to ensure that
the work efforts will not be delayed due to such items as dirty filters, broken fan belts, and
equipment breakdowns caused by marginal maintenance. Where such problems are encountered,
they should be corrected before the TABS Engineer comes to the jobsite.

Step 11 (Season II TABS Fieldwork) - As in Step 6, once the prerequisite checklist is
completed, the TABS Engineer may proceed with the second season fieldwork. Normally, the
second season scope of work contains very little balancing work, as the majority of systems
would have been proportionately balanced during the first season fieldwork. The vast majority
of data submitted will be heat transfer performance data. This will be used to evaluate whether



the system appears to be performing to its intended level of performance under the given
seasonal conditions.

Step 12 (Season II Certified TABS Report Submittal) - The data compiled during the second
season TABS field work is placed into a final report which is signed and certified by the TABS
Engineer much the same as described for Season I, Step 7. With submittal of the Season 11
Report, the Government then has a record of how the facilities' HVAC systems have performed
under both seasonal extremes. This gives us a much better idea of how well the systems are
performing over the full range of load demand. Significantly, the second season

work effort provides an opportunity to receive firsthand input from the facility occupants, as the
facility is normally occupied by the time second season field work is conducted. This often
provides valuable information as to how the systems are perceived to be performing from the
customer.

Step 13 (Season II TABS Field Check) - The field check for Season II is conducted in the same
manner as described for Step 8, Season I Field Check. The tolerances for acceptance of test data
remain the same as prescribed for Season I.

Step 14 (Season II TABS Completion) - Upon successful completion of the Season II field
check, all test ports, duct insulation patching, and permanent marking of balancing devices are
accomplished much the same as described by Step 9 above.



TABS- SUMMARY OF THE OVERALL PROCESS

The information provided in this handbook is typical for nearly all projects. However, we highly
recommend that you consult the specifications for the specific project in question when
determining contractual requirements. There have been several generations of specifications
used for TABS, and it is commonplace to find variations in the contractual requirements.

Always consult with the job specific specifications when administering the contract.

The following flow chart is used to provide a quick reference and summarize the overall TABS
process.
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February 4, 1997
Chesapeske, VA 23323

PROJECT: Design  Review Report

Gentlemen:

In accordance with the specification Section 15996/1 .4.1.2, we have completed our review of the plans

and specifications for this project. We have listed herein questions and observations based on the
contract  drawings.

1. There are some discrepancies on the CFM values for the Termina units vs. the diffuser/grille
totals. Unless otherwise directed we will adhere to valueslisted on M2. The supply ar
diffusers or remurn ar grilles will be adjusted proportionately to match the values as shown on
the termina unit schedule. (Examples are: TU-3,9,11,17,27,28,29,30 & 32)

2. Our totd of dl the return ar grilles and the minimum  ougside ar for AHU-1 is 12740 CFM.
The unit is designed for 10600 CFM. Please advise.

3. Our totd of dl the remun air grilles and the minimum outside air for AHU-2 is 5840 CFM.
The unit is designed for 3300 CFM. Please advise.

4 . Our total of all the return air grilles and theminimum outsde ar for AHU-3 is 19765 CFM.
The unit is designed for 19400 CFM. Please advise.

5. Our tota of dl the return air grilles and the minimum outsde ar for ~ AHU-4 is 1780 CFM.
The unit is designed for 1820 CFM. Please advise.

6. Our tota of al the return ar grilles and the minimum outside air for AHU-5 is 1610 CFM.
The unit is designed for 1660 CFM. Please advise.

7. Our tota of all the supply ar diffusers for AHU-5, is 1690 CFM. The unit is designed for 1660
CFM. Please advise. -

8. Our totd of all the supply ar diffusers for AHU-6 is 665 CFM. The unit is designed for 640
CFM. Please advise.

9. Ourtotd of dl the return air grilles and the minimum outside air for AHU-6 is 625 CFM. The
unit is designed for 640 CFM. Please advise.



PRE-FIELD
ENGINEERING
REPORT

Step-By-Step
TAB Procedure



TEST & BALANCE AGENDA

2/4/97

Contract: N62470 ' o

L TAB ENGINEER'S SITE VIST/SURVEY

1.1

12

AJR

1.1.1. During the construction phase, visit the project site if requested to observe
installation of duetwork, dampers, VAV boxes, grilles, diffusers, ete. Also, look at

the application of insulation to make sure that any damper adjustment devices are
not covered over.

112 During the walk-thru, observe building for completion of structure (installed doors,
windows, cellings, etc)

113 Observe ductwork for completion and gll dampers open, splittersin mid position
and all grilles/diffusers installed. Also, check fire dampers. These items are

included in the prerequisite checklist and it isthe responsibility of the Sheet Metal
Contractor to assure that these items are properly installed.

114 Determine if the system has been inspected for leakage. Specifically request that
access doors and hardware, cails, pipe penetrations, and duct connections have been
properly sealed (in accordance with the specifications).

1.15. QObserve ootdoor air louvers for obstructions.

116.  Insure that all air handling equipment is operable and filters are installied and-clean.

WATER

12.1.  During the construction phase, visit the project site if requested to observe
installation of piping, flow control valves, circuit setters, etc. Request that the
Mechanical Contractor install all flow sensors and circuit setters in accordance with
manufacturer’sinstructions. Also, look at the application of insulation to make sure
that the flow control adjustment devices are not covered over.

122. Observe system toinsure all valves open to heat exchange elemeats (Le., coils, etc.).
1.23. Request that system hi points be vented to iusure that the system is not air locked.

124. Check water for cleanliness. If sysem water is found to be dirty, advise appropriate
contractor.
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TEST & BALANCE AGENDA
2/4/97

Contract: N62470.

COMPLETED PREREQUISITE CHECKLIST

5.1

The TAR Engineer will visit the project site to meet with the Project Superintendent for the
purpose of assisting him in the completion of the Prerequisite Checklist During this site

visit, the TAB Engineer will explain the TAR process and identify any problem areas which
may remain noticeable.

SUBMIT NOTICE OF COMMENCEMENT OF TAR FIELD WORK

6.1.

FAN SYSTEM TESTING & ADJUSTMENT

7.1

7.2

7.3.

74.

7.5.

7.6.

7.7.

7.8.

7.9.

7.10.

7.11.

7.12.

7.13.

Letter is issued to Prime Contractor with date of Commencement of TAR Field tests. Any
support, kmown to be required by the TAR Agency at this time, will be included in this letter.

AHU-1 thru AHU-5, RTU-1, CRU-1, 2, HP-I,2

Lo

Prerequisite Checklist must, be completed before starting this task

Check unit for internal cleanliness, removal of foreign material, and cas;i

Check filters for cleanliness and proper installation. Record size and quantity.

Check cogs for cleamliness and removal of foreign material.

Observe damper sequences, if installed for proper operation. Set in desired fixed position
prior to balance.

QL
“Rump” fan and observe for proper rotation. %

Record fan nameplate data.

“

Compare the data on the fan nameplate to the manufacturer’s submittal data. This confirms
that the correct equipment has been furnished and is installed in the correct location.

Record motor nameplate data.
Read and record motor voltage, amperage and RPM {Amprobe « VVolt/Amp meter]
Read amd record San RPM. {Electronic Tachometer]

Determine CFM delivery. (Pitot tube traverse, pr diffuser total). [Manometer and/or Flow
Hoods)

Adjust static pressure controls and/or sheaves to achieve required CFM. (Observe motor
amps if increasing CFM.) [Amprobe Volt/Amp meter]

Page 3



TEST & BALANCE AGENDA

2/4/97

10.

8.9.

s0 that maximum air flow is to another zone or area. Repeat the above steps with the new
VAV boxes on full cooling.

With the system operating on maximum return air and minimum outside air, determine the
total return airflow by pitot tube traverse (if possible). Measure and adjust for proper

minimum outside air quantity. Adjust the fan speed for design requirements and balance
the returm system.

EXHAUST FANS

9.1

9.2

9.3.

9.4.

9.5.

9.6.

PITOT

10.1.

10.2.

10.3.

10.4.

EF-1 THRU 14, K

Deter mine the volume of air being moved by the exhaust fan at design RPM by pitot tube
traverse or diffuser total. [Electronic Manometer or Flow Hoods]

Record the exhaust fan suction static pressure, amperage and CFM measurements. Confirm
that the fan maotor is not overloaded. [Electronic Manometer or Magnehelic Gauge.]

If the CFM measurement varies more that 10% from design, adjust the drive of each fan to
obtain the approximate required CFM.

Measure and record the airflow at each exhaust grillein the system. Study any radical
condiioas and correct them. [Electronic Flow Hoods]

Working from the branch with the highest measured capacity to the branch with the lowest
measured capacity, make adjustments in each branch. Beginning with the inlet device most
distant from the branch connection, make volume adjustments at each grille as necessary.

Repeat the branch balancing until the system isin balance.

TUBE TRAVERSES

Locate traversable duct and clear aeeess to duct,

Measure duct to determine net area. Drill holes in desired locations if not provided by
others (per contract specifications).

I dentify the |ocation of the duct test ports and attach label to ductwork or on external

insulation.

Set up instrument, take desired number of readings, determine average velocity, secure
instrument [Electronic Manometer]

Pace &



TEST & BALANCE AGENDA

2/4/97

Contract: N6247C «

13.

14.

15.

TERMINAL UNITS [VAV Boxes)

TU-1 THRU 34

13.1.  Determineproper number of boxesto be set to full cooling based on system diversity prior to
testing.

13.2. Read static pressure at the supply to unit, to insur e sufficient static for unit to operate.

(Read the terminal units furthest from fan, any others in obscure locations where low static
pressure conditions may exist).

13.3. Determine CFM délivery by terminal unit with unit calling for full cooling or full heating.
(Pitot tube traverse or diffuser total). [Electronic Manometer or Flow Hood]

134.  Adjust volume regulator to achieve design CFM, as required.

135.  Adjust unit to proper minimum flow condition.

136. Mark and record volume regulator's final set position.

GRILLE & DIFFUSER TESTS & ADJUSTMENTS

Supply diffusers type A thru |
Exhaust/Return registerstype P thru Z

14.1.  Determine CFM délivery or removal of each outlet/inlet. [Electronic air flow hoods]
14.2. Note: When using flow hoodsfor balancing diffusers, grilles, ete., the hood reading (along

with the backflow compensation factor) will be used to determine a correct flow factor. The

correction factor will be applied to compensate for errorsin throw patterns, etc unique to
certain types of diffusers/grilles.

14.3.  Adjust manual volume damper(s), opposed blade dampers and fan capacity (not to exceed
motor amperage) as necessary to achieve desired CFM.

14.4.  Proceed in a systematic manner.

UNIT HEATERS

UH-1THRU 6
151.  Verify that the unitsart piped correctly i'nclnding required valves, vents and safety devices.

15.2.  Confirm that provisions are available for making the required temperatuare and pressure
measurements,
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TEST & BALANCE AGENDA

2/4/97

Contract: N6247¢

17.3.

17.4.

17.5.

17.6.

17.7.

17.8.

17.9.

which arc high and which are low in water flow. [Manufacturer’s approved method using
Calibrated Test Gauge]

Make a preliminary adjustment to the balancing cocks on all units with high water flow,
setting each about 10% higher than the design flow rate.

Take another complete set of pressure, voltage and amperage readings on all pumpsin the
system. If system total flow has fallen below design flow, open the balancing cock at each
pump discharge to bring the flow at each pump within 105 to 110% of the design reading (if
pump capacity permits).

Make another adjustment to the balancing cocks on all units which have readings more than

10% above design flow in order to increase the flow through those unitswith less tban design
now.

Repeat this process until the actual fluid flow through each piece of equipment is within plus
or minus 10% of the design flow.

Make a final check and record the amperages, pressures and the flows of alt pumps and
equipment

Wher e three-way automatic valves are used, set all bypass line balancing cocks to 90% of the
maximum demand through cails.

Record setting of balancing valves and/or adjust lock to limit opening of balancing valve.

18. CONDENSING UNITS _ L,M% X
—
Lo

CH-1 — CondSh e 1

18.1. Read and record applicable data under proper seasonal load conditions. Any refrigeration
data required (i.e., pressures, total charge, etc) will be provided by a Service Representative
of the unit manufacturer. This is to be considered “additional support required” as outlined
in tbe specification.

19. HOT WATER BOILER
B-I

19.1.  Record nameplate data.

19.2.  Prerequisite Checklist must be completed before starting this task

19.3. Establish full design water flow through boiler.

Page 9



TEST & BALANCE AGENDA

2/4/97

Contract: N6247. .

22.

23.

24.

25.

26.

27.

Flow Station Test Report
Temperature Test Report
Compressor/Condenser Test Report
Sound Level Report

Air Duct Leakage Test Summary
Instrument Calibration Report

Data will be provided on the above listed forms as applicable to the contract specification. Sample
forms attached.

REPORT SUBMITTAL

23.1. Copies of the completed report are provided to the contractor aleng with a letter of
transmittal,

FIELD DATA CHECK (1st Season)

24.1. Scheduled by the contractor, the TAB agency will return to the project to verify readingsin
the TAR report

-

MARKING OF SETTING

25.1.  Permanently mark the settings of HVAC adjustment devices including. valves, splitters and
dampers so that adjustment can be restored if disturbed at any time.

SECOND SEASON TESTING

26.1. The contractor will schedule for the TAB agency to return to the project to test the alter nate
equipment under design season conditions.

REPORT OF SECOND SEASON TESTING

27.1. Prepare and submit a report of the second season testing process and identify any problem
areas found.

End Of Section

—
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FORM 01

ATR HANDLER UNTITT T E S T REPORT

PROJECT: LOCATI ON:
SYSTEM: Y ryny.

. EQUIP. LOCATION:

FAN MANUPACTURER:

MODEL OR SERIAL NO

KEY DESI GN ACTUAL
e2 TOTAL CFM 27y,
a2 MIN. O.A. CFM /) 20
g2 RETURN CFM 7780
e2 DI SCHARGE PRESS. —— +. "
e2 SUCTI ON PRESS. ——— -, "
g2 EXT. FM STATIC PRESSURE /3" . "
és FAN RPM J92
= FAN PULLEY —
|- PILTERS/SIZE p—

MOTOR MANUFACTURER:

MODEL OR SERIAL NO

KEY DESI GN ACTUAL
- MOTOR H.P. .
— | FRAVE L2
L2
e1 AMPERAGE L2
3
a1 VOLTAGE
e5 RPM
- MOTOR- SHEAVE ——
- S. F. —
- DATE OF TEST — /
=
. “HOARKE
DATE: -  RBY.

SHEET:



FORM 07

Al R OUTLET TEST REPORT
PROJECT: LOCATION :
SYSTEM: zf/’.k’d/ wn. s [ﬂ%/L/«L AREA SERVED: fri? a d -
ARRA CUTLET DESIGN PRELIMINARY FINAL
SERVED UNCORRERCTED REMARES
Ro. | Tree | s1zm 4 (2] vcEM cPM * uoM = o
“u-/ | | B w7 Q40
J 14 || 2/5
=21 ] 570
y 1A l/ 270
9
S4c 1,50 430
Y o3
- L f /24 Az,ifﬂ
7 [ /0%
jl_
& | 7 250 /
¢
9 7 200 \v/
2 |/ 1A II5
2 R Q2L
~7 ~7
- -
3 L 3'/"75 rg}"b:ﬁ
-
-3 Il 1 | 4 20
9 A 120
21 WALl
3 ol 1 & P | .2
7 777 [ ] KeTir A
DATE OF 29T || —— | — | — — —_— — — —_— I L £
1
#Nanz * UncorTectad CFN. NOIRE: All data on this sheet mesasured uaing Plow Hood.
DATE: BY:

SKEET 2




PROJECT:

ATR OUTLET

FORM 07

TEST REPORT

LOCATI ON:
SYSTEM:  Top /S0 -« AREA SERVED: _ Jer Llor
e i == vcmammm it rmazs
bo. |meex stz | x | om | vem ) oo verw +
7u-7 1/ | B o7 85
21811 299
318 % 2%5
17 ’“,; /e -’%Tu/ﬂ
Tu-s |1 |F |87 /35
2| F |37 /85
-2 |/ Ve | p? 375
J\F 187 Zop
ERVAYin 2751
4 1 /A 5/5 Y,
Tw-/0 | ] | F | 47 D50
Tw-if |V F {87 Joo -
E oo
3 25
4 200
5{v | 0200
mmwme | L |L [ |52 | [ Z - z7=7
JFRAKIS:  * Uncorrectad CFM. MGTR: All data on thia abeet measured uaing Flow Bood.
DATE;

BY:

SHEET:




ATR OUTLET TEST REPORT

FORM 07

Y

PROJECT: ' LOCATI ON:
SYSTEM: et Lfn -t AREA SERVED: /e Aloor
AMEA OUTLEY DESICK PRELIDMIXARY YIXAL
SERVED UBCORRECTRD REMARXS
NO. TYPE 8SIZB o UCEM M = /(o 5 B o 4
Tu-0 | 1t | H | g 275
2 [ l 2J0
5 J | 235
RN J25
5 ( j 239
* A \l/ 235
11z L4o
H 245
4 E \ S50
1L 1S R
/15 S00
77 =7 f? 71 Z 1775 Pl 44
< = 7T ¢ o to
— —_ — _ | — ;
REMARER 1

hY

DATE:

* Uncorracted CPe. BOTX: All data. on this sheet mesasured naing Plow Hood.

BE SHEET:




FORM 01

A1l R HMANDLER UNITT E S T REPORT
PRQIECT: LOCATI ON:
SYSTEM:  AHtr- 2 EQUI P. LOCATI ON:
FAN MANUFACTURER:
MODEL OR SERI AL NO
| kEY | DESI GN ACTUAL
2 TOTAL CFM ZZoo
82 MN. 0.A. CFM 2020
82 RETURN CPM
82 DISCHARGE PRESS. ™ = "
g2 EXT. PAN STATIC PRESSURE J.a" 7
8s FAN RPM i
-- PAN PULLEY ———
J = BELT QUANTI TY/ SI ZE —
.- FI LTERS SI ZE .
MOTOR MANUFACTURER:
MODEL OR SERIAL NO
KEY DESI GN ACTUAL
-~ | MOTOR H.P. 3
- FRAME -
L2
@1 | AVPERAGE W
L3
g1 | VOLTAGE
&5 RPM
" S.F. —
- DATE OF TEST — /]
“m=
DATE: BY: SHEET:




INSTRUMENT CALIBRATION REPORT

MANUFACTURER / SERIAL

Mxprobe / DD7429244

Shartridge / M87294

Dwysr / W60930J0S6

Dwyar / W890517MPO37

Dwyunr / RS00425C73

Pionesr Rlectric / 0137

Plnke / 4655167

Bacharach / 16638

Belicoid / BVAC-0-30-1

Balicoid / EVAL-0-60-1

Marshall / BVAC-0-200~1

Belicoid / BEVAC-30-30-1

Balicoid / HVAC=30~§0-1

Dwyar / 1673

Bacharach

Dwyer / 1582

Taylor

Teylar

Ashcroft

Aabaroft

Dwyer / 150-18

Dwyer / 160-36

Measure Caxrant & Voltage

Alr Plow Messurwsant

Static Prassurs Measurwmsant
Static Pressurs Messurssant
Static Pressurs MeastIsmsnt
RPM Measurement
TREparatirs MeasSuTesant
W.B. Tssparzture

VNatar Prassurs Measurwmsent
Nxtar PIassure Measursment
\lm?n.'-u-w
Water Pressure Measurameot
Watar Prassurs Massuxremant
Watar Prassure Msasursmant
D.B. & ¥W.B. Measurwmsnt
Alr Pressure Msasuresent
Tespsraturs (Iescsicn)
Taspaxatore (Immarsion)
Tuspecatore (Air)
Tesparatare (Air)

Alr Pressura Msasurwment

Air Prussurs Measursmant

10/17/97

10/21/97

Bach Use
Rach Use
Rach Use
10/03/97
10/03/97
Kooe
10/04/97
10/04/97
10/04/97
lo/w97

/v

HEEEEEREE

CALIRRATICN

DATR =~  TESY DATR

10/17/96

10/21/95

Bach Usae

Bach Usne

Each Use

10/03/95

10/03/95

ane

10/04/95

10/04/85

10/04/95

10/04/95

10/04/95

FEEEEE R

* KXY L

Q1 Clamp-cn Volt-Ammetar

2 Aixdata Mnltimeter/
Blactronic Micrumencaecer

@3 Magnebslic Guage (-5"Rlnq-)

e3 Hagnabelic GCuage (1® Range)

4 Maguabalic Cuage (5 Range)

es Photn Tachometar

[ Digital Tharscmeter

[ 4 8iing Psychrometar

- Pressurs Sange (0-304)

9 Pressurs Gange (0-504)

@ Pressurs Gmnge (0-200§)

9 Compound Gange (-30-~30#)

L Campound Cange (-30-604)

® O~Tuobe Mancemstar (36%)

e S8ling Psychromster

@ U-Tube Mancmetar (24%)

o6 Maxcury Theommetar (-30-120)

i

[ Marcury Tharmosster (0-230)

[ ] Dial Tharmcmatar (-40-160)

[ 3 Dial Thermsometar (0-220)
Pitot Tube (18°)
Pitot Tuba (36%)

RERURKS: *

KEY: Instrumeant I.D. sumdar usad to daqots instoiument used for each’ particular tast.

SHRPT.

a1



14 MAR 97

LANTOPS Code 0521 Review Comments

Submittal Transmittal #50,
Design Review Report and TABS Pre-fidd Engineering Report
Contract N62470 N h

L]

- - I T et

Design Review Report--Approved As Noted (AN). Your comments are currently being
evauated-direction will be provided under separate cover.

Pre-field Engineering Report-Approved As Noted (AN).

1. For dl ar handlers which have airside economizers, report airflows for both peak -

mechanica cooling mode and for pesk economizer mode of control in accordance with
NEBB procedures. Please be sure to include fan motor data for both modes, aso.

2. Confirm the accuracy of the arflow measuring stations specified by measuring
arflows and comparing readings with the monitor reported airflow measuring station
readings. Include fmdings in the final report.

3. If condensing unit report data is provided by a service representative of the equipment
manufacturer, the taking of such data shal be witnessed by ether the TABS Engineer or
the TABS Team Field Leader. The TABS Agency representative shall confirm the
cdibration of the instruments used and shdl confirm that al report data is read and
compiled after the water and air balance has been fully completed. It shall be the TABS
Agency’s responghility to see that this data is taken in a timely manner in the gppropriate
season. Failure to conform to the above will result in report disgpprovd. In the future,

please indicate your intent to comply with the above stipulations to avoid resubmittal
action.

4. Typicd for dl termind box report forms, please include fan CFM in the report for dl
series VAV termina boxes. Also, if low primary or fan airflows are encountered, please
report VAV box primary inlet static pressure and VAV box fan downstream datic
pressure/inlet static pressure. If low airflows are encountered during balancing, please
notify the contracting officer’s representative and request direction.

5. For dl ar handlers, in lieu of the proposed “temperature test report,” please provide
NEBB report form TAB 5-91 for dl coil performance data reports.

6. The proposed key plans showing outlet number are too small for adequate legibility.
Please provide plans of a larger scale--foldout pages will be acceptable.



TAB C

TABS CHECKLIST



PREREQUISITE
CHECKLIST



February 4, 1997

PROJECT:  Prerequisite Work Required

Contract #: N62470 HVAC Job#:

Gentlemen:

In accordance with contract specificatons, we are providing the attached “Prerequisite
Checklist” and the following comments.

Prerequisite Work  Required:

All mechanical eguipment, ductwork and control Systems should be indalled and
operationd prior to the beginning of our balancing. The prebalance. “checklist”,
provided attached, will dlow the “Prime Contractor” to verify these items prior
the start of TAB work. Completion of this lis constiutes permission for the
TAB Agency to operate the equipment, as needed, during the TAB testing.

The completed and approved “Prerequisite checklist” will be required to be
returned to the TAB agency prior to the start of TAB work. This checklist will
verify, in writing, that the items have been acceptably completed prior to the
TAB Engineer ariving a the project Ste to begin tbe TAB work. Should any
items be found to be incomplete or inoperative a the time of TAB work, charges
for delays and repeated testing will be the responshility of the company
providing the completed prerequisite checklist.

Support  Required:

In addition to the above, support may be required from other trades as outlined
in the specifications (Coordination Of Supporting Personnd) during initia
testing. This support includes, but is not limited to, assistance from equipment
suppliers to provide installaon and operation data, fan curves, etc. The
temperature controls contactor will be required to verify proper controls
operation prior to baancing and to achieve maximum demand conditions on dl



equipment. The Sheet Metal Contractor will be required to provide conditions as
required for the duct leskage testing. The Mechanica Contractor may be
required to provide a wet coil on al cooling units during portions of the TAB
work. If problems are encountered during initid baancing, support will be
required from the Mechanica Design Ebgineer and other trades such as electrical
and sheet metd contractors to assst as outlined in the specification. The TAB
agency will provide written notice to the contractor of these support requirements
with as much lead time as possible.

In addition, support will be required to complete al congruction as necessary to
complete the Prerequisite Checklist in a time frame that will dlow 28 days for fied
work and _15_ days for report preparation prior to the specified contract completion.

This time frame does not include any delays for advanced notices or other specified
time frames.

We recommend that the conuactor coordinate with our office to dlow our project
manager to meet with the appropriate persons a the project Ste to assist in completion
of the checkligt.

Should you have any questions in this matter, do not hestate to contact us.

Yery truly yours,



PREREQUISITE CHECKLIST

PROJECT:

TAB CONTRACTOR:

READY
YES / NO

DATE
CORRECTED

CERTIFIED
BY

(1) HVAC AND BUILD-UP UNITS

a)

General

Louversinstalled

Manual dampers open and locked

Automatic dampers set properly

Housing construction leakage

Access doors per plans & specs.

Condensate drain piping & pan

Free from dirt & debris

Nameplate data clearly visible

b)

Filters

Type/ size/ number correct

Clean

Blank-off platesinstalled

Frame |leakage at a minimum

0)

Coils (Hydronic —Water / Steam)

Size & rows

Fin spacing & condition

Obstructions and/or debris

Correct air flow direction

Correct piping connections/ flow

Valves open & set

Vents/ trapsinstalled correctly

Provisions for TAB measurements

d)

Coils (Electric)

Size & construction

Airflow direction

Duct connections

Safety switches

Obstructions

Free from debris

Contractors & disconnect switches

Electrical service & connections

Nameplate data clearly visible

Fans

Rotation

Wheel clearance & balance

Bearing & motor lubrication

Drive alignment

Belt tension

Drive set screwstight

Belt guardsin place

Flex duct connector alignment

Proper unit / duct alignment

Starters & disconnect switches

Electrical service & connections

Nameplate data clearly visible

Page 1




PREREQUISITE CHECKLIST

PROJECT: TAB CONTRACTOR:
READY DATE CERTIFIED
YES / NO CORRECTED BY

f) Vibration isolation

Springs & compression

Base level & free

2) DUCT SYSTEMS

a) General

Manual damper open & locked

Damper adjustments accessible

Access doors closed & tight

Fire dampers open & accessible

Terminal units open & set

Registers/diffusers open & set

Turning vanesin square elbows

Provisions made for TAB tests

System installed per plans & specs.

All ductwork sealed asrequired

b) Architectural

Windows installed & closed

Doors closed as required

Ceiling plenums installed/sealed

Access doors closed & tight

Air shafts/openings as required

3) PUMPS

a) Motors

Rotation

L ubrication

Alignment

Set screws tight

Guardsin place

Tank level and controls

Starters & disconnects

Electrical service & connections

b) Piping

Correct flow

Correct connections

L eakage

Valves open & set

Strainers clean

Air Vented

Flexible connectorsinstalled

Provisions made for TAB tests

System water clean

c) Bases

Vibration isolation

Grouting (if required)

Leveling

Page 2




PREREQUISITE CHECKLIST

PROJECT:

TAB CONTRACTOR:

READY
YES / NO

DATE
CORRECTED

CERTIFIED
BY

4) HYDRONIC EQUIPMENT

a) Boilers

Operating controls & devices

Safety controls & devices

L ubrication of fans & pumps

Draft controls & devices

Piping controls & devices

Valves set & open

Water make-up provisions

Blowdown provisions

Electrical connections

Nameplate data clearly visible

b)

Heat Exchangers

Correct flow & connections

Valves open or set

Air vents or steam traps

L eakage

Provisions made for TAB tests

Nameplate data clearly visible

¢) Cooling Towers/Evaporative Condensers

Correct flow & connections

Valves open or set

L eakage

Provisions made for TAB tests

Sump water level

Spray nozzles

Fan/Pump rotation

Motor/Fan lubrication

Drives & alignment

Guardsin place

Starters & disconnects

Electrical connections

Nameplate data clearly visible

5) REFRIGERANT EQUIPMENT

Crankcase heaters energized

Operating controls & devices

Safety controls & devices

Valves open

Piping connections & flow

Flexible connectors

Oil level & lubrication

Alignment & drives

Guardsin place

Vibration isolation

Starters/Contactors/Disconnects

Electrical connections

Nameplate data clearly visible
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PREREQUISITE CHECKLIST

PROJECT:

TAB CONTRACTOR:

READY

DATE

YES / NO CORRECTED

CERTIFIED
BY

6) HYDRONIC PIPING SYSTEM

Leak tested

Fluid levels & make-up

Relief or safety valves

Expansion tanks & air vents

Steam traps & connections

Strainers clean

Valves open & set

Provisions made for TAB tests

Systemsinstalled per plans & specs.

7) CONTROLS& CONTROL SYSTEMS

Data centers

Outdoor/return Air/reset

Economizer set & tested

AHU Static pressure set

Room controls calibrated

VAV box regulators set to design

VAV box P.E. switches set

Proper end-of-line static pressure

VAV box reheats tested

8) OTHER CHECKS

Appropriate contractors notified of TABS

Preliminary data complete

Test report forms prepared

ADDITIONAL COMMENTS:

9) NOTICE:

Completion and submission of thisform indicates that the mechanical systems are complete and installed in
accordance with plans and specifications. Delays and/or additional testing required after system corrections and/or

modifications will result in additional chargesto the contractor.

Submission of this checklist also constitutes permission for the TAB Agency to operate the mechanical equipment,
adjust sheaves, and motor speeds and control setpoints as needed during the performance of the testing and

balancing.

PRIME CONTRACTOR:

DATE:

MECHANICAL CONTRACTOR:

DATE:

CONTROLS CONTRACTOR:

DATE:

SHEET METAL CONTRACTOR:

DATE:
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TAB D

TABSVERIFICATION TEST
PLAN EXAMPLE



6 February, 1998

TABS VERIFICATION TEST PLAN
QOL Il Gymnasium
Contract N33 19 1-94-R-7003
U.S. Nava Support Activity, Capodichino
Naples, Itay
LANTOPS Congtruction Divison
Darrdl Larsen, Code 0521 Engineering Support Branch

l. Air How Testing

A. Air Handler #1

Preparatory:

Cl Veify ar handler filters are clean

Q Veify wet coil conditions exigt for testing.
Q Veify proper fan rotation

Q Verify ar handler isin occupied mode.

1. motor amperage/phase

2. motor voltage/phase

3. fan RPM

4. Supply duct traverse 600/600

5. Return duct traverse 7501500

6. Supply duct traverse 300 round, col 7-8/JL

7. Supply Outlets
a. CDE-E, col 7-8/G-J
b. CDE-E, col 7-8/L-N
¢. CDE-E, col 4-5/L-N
d. CDE-E, col 5-6/G-J



8. Return Outlets
a SR-A, col 45G-J

9. Outside air traverse, 400/300, col 9-10/E-G, Dwg. GM4.11
10. Check back pressure compensation factors by traverse.
B. Air Handler #2
Preparatory:
Cl Veify ar handler filters are clean
Q Veify wet coil conditions.
Cl Verify proper fan rotation.
U Veify ar handler isin occupied mode.
1. motor amperage/phase
2. motor voltage/phase
3. fan RPM
4. Supply duct traverse 650/350
5. Supply Outlets
a CD-D, col G-J89
b. CD-A, col E-G/5-6
c. CD-A, col E-G/4-5
6. Check back pressure compensation factors by traverse comparison.

C. Air Handler #3

Preparatory:
Cl Veify ar handler and VAV box filters are clean

Q Smulate a pesk demand condition on ar handler. Review diversty setup if any.

Cl Verify proper fan rotation.

gym tabstest plan.rtf



Q Verify air handler/boxes are in occupied mode.

1. motor amperage/phase

2. motor voltage/phase

3. fan RPM @ peak demand

4. VFD frequency, hZ @ peak demand

5. measure downstream duct static pressure, compare to DDC reading.
6. Supply duct traverse 1000/500

7. Return duct traverse 1400/500

9. Outsde air traverse 600/400 under peak demand conditions

10. Outside air traverse 600/400 under offpeak demand conditions, say 50% of peak
primary.

11. VAV fan powered termina boxes
a Box #6 (col F2, Dwg GM 213
(1) Max primary @ DDC, CFM/delta p
(2) Neutra pressure @ secondary
(3) Outlets @ Max primary
(4) Min primary @ DDC, CFM/delta p
b. Box #7 (col E-2, Dwg GM 2.13)
(1) Max primary @ DDC, CFM/delta p
(2) Neutral pressure @ secondary
(3) Outlets @ Max primary

(4) Min primary @ DDC, CFM/delta p

gym tabs test plan.rtf



c. Box #8 (col }3/4, Dwg GM 213

(1) Max primary @ DDC, CFM/delta p

(2) Neutra pressure @ secondary

(3) Outlets @ Max primary

(4) Min primary @ DDC, CFM/delta p
d. Box #9 ( col }23, Dwg GM 2.13)

(1) Max primary @ DDC, CFM/delta p

(2) Neutral pressure @ secondary

(3) Outlets @ Max primary

(4) Min primary @ DDC, CFM/delta p
a Box #1 1 (col C-D/3, Dwg GM 2.11)

(1) Max primary @ DDC, CFM/delta p

(2) Neutra pressure @ secondary

(3) Outlets @ Max primary

(4) Min primary @ DDC, CFM/delta p
e Box #14 (col D-E/45 Dwg GM 2.14)

(1) Max primary @ DDC, CFM/delta p

(2) Veify fan CFM exceeds max primary CFM

(3) Outlets @ Max primary

(4) Min primary @ DDC, CFM/delta p

(5) Traverse of primary air duct at maximum primary

gym tabs test plan.rtf



f. Box #15 (col E/4, Dwg GM 2.14)
(1) Max primary @ DDC, CPM/deltap
(2) Veify fan CPM exceeds max primary CPM
(3) Outlets @ Max primary
(4 Min primay @ DDC, CFM/delta p
(5) Traverse of primary ar duct a maximum primary

B. Air Handier #4

Preparatory:
Cl Veify ar handler filters are clean
Q Verify wet coil conditions.
Cl Verify proper fan rotation.
Q Veify ar handler isin occupied mode.
1. motor amperage/phase
2. motor voltage/phase
3. fan RPM
4. Supply duct traverse 900 round
5. Supply duct traverse 850 round (col 4-5/C, Dwg GM 2.12)
6. Outsde Air Duct traverse 400/250 (col A-B/4, Dwg GM 4.12
7. Supply Outlets (Dwg GM 2.12)
col C-D/4-5
. col C-D/7-8
coi C-D/7-8
. col B-C/7-8

. col A-B/7-8
col A-B/7-8

O =N = R
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C. Exhaugt fan # EF-2
a. motor amperage/phase
b. motor volts/phase
¢. fan RPM
d. exhaust outlets

D. Exhaust fan # EF-4
a. motor amperage/phase
b. motor volts/phase
¢. fan RPM
d. exhaust outlets

[l. Water Flow Testing

A. Chilled Water Pump P-

Preparatory:

Q Confirm dl fine mesh start-up strainers have been removed.

Cl Verify pump rotation.

.1. motor amperage/phase

2. motor voltyphase

3. Pump no flow check (be sure chiller is secured during this test)
a. suction pressure
b. discharge pressure
C. check Vs. pump curve

4. Full Flow Check

a suction pressure
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b. discharge pressure
c.check Vs, pump curve

B. Chilled Water Flow Meter

1. Measure flow meter delta P w/differentia pressure meter, check calibration curve.
2. Record DDC flow reading and compare with item #1 flow.

C. AHU-1 Chilled Water Coil

1. vavesze

2. vave postion
3. valve AP

4. flow, GPM

5. by-pass flow

D. AHU-2 Chilled Water Coil

1. valve size

2. vave postion
3. vave AP

4. flow, GPM

5. by-pass flow

E. AHU-3 Chilled Weter Caill

1. vave sze
2. vave position
3. vave AP

4. flow, GPM
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5. by-pass flow

F. Air Cooled Water Chiller

1. Meaaure differentid pressure AP across the chiller evaporator. Determine chiller
flowrate using chiller manufacturer’s flow Vs AP data

2. Measure and record the chiller entering and leaving chilled water temperature. Ensure
stable water temperatures are being maintained.

G. Hot Water Pump Primary P-3

Preparatory:
Q Confirm dl fine mesh sart-up drainers have been removed.
U Verify pump rotation.
1. Motor amperage/phase
2. Motor volts/phase
3. No flow check (Check with boiler deenergized)
a. suction pressure
b. discharge pressure

C. check Vs. pump curve

4. Full flow check
a. suction pressure
b. discharge pressure

c. check Vs. pump curve

gym tabs test plan.rtf



E. VAV Rehest Coils

Box # | Vavedze | Vave postion | Vave AP

Flow, GPM

By-pass Flow

2

7

10

12

14

F. AHU-1 Reheat Hot Water Caoil

1 vavesze

2. vave postion
3. vave AP

4. flow, GPM

5. by-pass flow

G. AHU-2 PreHeat Hot Water Cail

1 vavedze
2. vave postion
3. vadve AP

4. flow, GPM

5. by-pass flow

gym tabs test plan.rtf




H. AHU-2 Reheat Hot Water Coil

1. vavesze

2. vave position
3. vave AP

4. flow, GPM

5. by-pass flow
|. AHU-3 Hot Water Cail

1. vavesze

2. vave position
3. vave AP

4. flow, GPM

5. by-pass flow

J. AHU-4 Hot Water Coil

1. valve 5ze

2. valve postion
3. vdve AP

4. flow, GPM

5. by-pass flow

K. AHU-4 Pool Heat Recovery Coil

1. vave sze
2. vave posgition
3. vdve AP

4. flow, GPM

gym tabs test plan.rtf



5. by-pass flow

L. Hot Water Boiler

1. Hot Water Boiler Supply Temperature
2. Hot Water Boiler Return Temperature

M. Hot Water Flow Meter

1. Measure flow meter delta P wi/differential pressure meter, check cdibration curve.

2. Record DDC flow reading and compare with item #1 flow,

gym tabs test plan.rtf



TABE

ACATS MAJOR ELEMENTS



ACATS: MAJOR ELEMENTS, SUBMITTALS, AND WORK ACTIVITIES

The overall objective, installing HVAC systems which provide minimal problems after facility
occupancy, has no chance for success unless the automatic controls, which have been installed in
conjunction with these systems, are properly checked as part of the process. The efforts that are
applied to quality control/quality assurance entail what we have previously referred to as
Automatic Controls Acceptance Tests (ACATS). The installation of automatic controls systems
is a complex business. The process usually entails the preparation of a performance
specification by the project design engineers. These intricate sequence descriptions are then
subjected to interpretation by the engineering staff of the installing controls manufacturer. A
technician will then prepare field fabrication/installation drawings. In turn, an installing
technician then makes an interpretation of the prepared drawings and installs the controls
accordingly. It is not uncommon for projects to literally have miles of pneumatic tubing and/or
control wiring installed to accomplish the myriad of controls functions and status functions
involved. It should be concluded that with this chain-of-events comes much opportunity for the
final controls to perform in a fashion other than had been intended by the designer.

Errors committed during installation, combined with misinterpretation of the original design
philosophy, do create problems. The issue is further complicated when we consider that the
original designers can, and do, make mistakes in the sequence of controls specifications
provided. NAVFAC ATLANTIC has been conducting ACATS on their projects for an extended
period of time. During that period, there has not been a single project encountered by Code 052
where mistakes in the controls systems installations have not been encountered. We wish to
emphasize that this is not a condemnation of the controls industry but attests to the need for
installed controls systems to be given careful attention with regard to quality control/quality
assurance efforts. ACATS is used for that purpose.

To provide a better understanding of ACATS, the following will attempt to provide a detailed
description of major elements, submittals, and work activities which make-up the process.

ACATS SUBMITTALS AND WORK ACTIVITIES

Prior to the final acceptance of the installed automatic controls systems, it is essential that a
thorough testing of the systems be conducted. For testing to be effective, it must be preceded by
careful preparation. There are many questions which must be answered. What controls
components should be tested? What order should the control components be tested in?

How many modes of control are there for each control loop, or for each control subsystem, that
are to be tested? What results of a given test sequence should be considered acceptable? Which
controls should be tested for any special



requirements or unique application? These are all valid questions which come into play during
testing. Attaining the correct answer to each requires that planning and careful deliberation be
given to each of the systems involved. A carefully outlined plan prepared in advance of actually
arriving at the jobsite provides an effective tool for implementing an accurate, thorough testing
of the controls. Attempting to resolve the many issues involved spontaneously at the project site
will frequently lead to error, inefficient use of time, and incomplete testing of the systems.

LANTNAVFACENGCOM utilizes specification Sections 15901, Space Temperature Control
Systems and 15910, Direct Digital Controls, for most contracts, to require a series of submittals
and field tests. The intent is to provide a comprehensive program for testing of the controls. The
steps involved in this process are as follows:

Step 1 (Pre-field Test Plan Submittal)- Typically, the plan is formatted to provide a series of
one line statements which sequentially describe how the controls are to be tested, what
procedures are to be followed during testing, and give a description of what results are to be
attained. Similar formatting is also required for the Performance Verification Test Plan. Testing
which must be addressed by the Field Test Plan follows:

e Tubing and Wiring Integrity Tests (Section 15901 ONLY)- Test tubing system pneumatically
at 1.5 times the design working pressure for 24 hours. Test wiring for continuity, ground
faults, and open and short circuits.

e Systems Inspection- Observe the HVAC system in it’s shutdown condition. Check dampers
and valves for proper normal positions.

e (alibration Accuracy and Operation Inputs Test- Check for proper calibration and operation
of each input instrument. For each sensor, record the reading at the sensor using traceable
test equipment, and record the reading at the digital controller. Document each reading for
the test report.

e Operation of Outputs Test- Check the operation of each output to verify correct operation.
Command digital outputs on and off. Command analog outputs to minimum range, such as 4
mA, and maximum range, such as 20 mA, measure and record commanded and actual
outputs values. Document each command and result for the test report.

e Actuator Range Adjustment Test- With the digital controller, apply a control signal to each
actuator and verify that the actuator operates properly from it’s normal position to full range
of stroke position. Record actual spring ranges and normal positions for all modulating
control valves and dampers. Include documentation in the test report.

e Digital Controller Startup and Memory Test (Section 15910 ONLY)- Demonstrate the
programming is not lost after power failure, and digital controllers automatically resume
proper control after a power failure.



e Surge Protection Test (Section 15910 ONLY)- Show that surge protection, meeting the
requirements of the specifications, have been installed on incoming power to the digital
controllers and on communications lines.

e Application Software Operation Test (15910 ONLY)- Test compliance of the application
software for:

a. Ability to communicate with the digital controllers, uploading and downloading of
control programs.

b. Text editing program: Demonstrate the ability to edit the control program off line.

c. Reporting of alarm conditions: Cause alarm conditions for each alarm, and ensure that
workstation receives alarms.

d. Reporting trend and status reports: Demonstrate ability of software to receive and save
trend and status reports.

Step 2 (Conduct Field Testing) - The contractor implements the procedures listed in the Field
Test Plan. It is highly recommended that the plan be closely adhered to during testing. At the
Government’s option this portion of testing may be witnessed by a Government representative.
However, this is normally done on a random basis, as the complete Field test process is quite
lengthy. It should be emphasized that the contractor’s certification of the test results (see step 5)
is a very serious matter and will be regarded as such.

Step 3 (Field Test Report Submittal)- Provide a written report containing test documentation
after the field tests are completed.

Step 4 (Performance Verification Test Plan Submittal)- The Performance Verification Test is
performed to demonstrate that the control system maintains set points, control loops are tuned,
and controllers are programmed for the correct sequence of operation. The test plan is required
to address/furnish each of the following:

e Execution of Sequence of Operation

¢ Furnish the Government graphed trends, which show the sequence of operation is
executed in the correct order. (Section 15910 ONLY)

¢ Demonstrate the HVAC system operates properly through the complete sequence of
operation, for example seasonal, occupied/unoccupied, warm-up.

¢ Demonstrate proper control system response for abnormal conditions for which there
is a specified response by simulating these conditions.

¢ Demonstrate hardware interlocks and safeties work.



¢ Demonstrate the control system performs the correct sequence of control after a loss
of power.

e Control Loop Stability and Accuracy (15910 ONLY)

¢ Furnish the Government graphed trends of control loops to demonstrate the control
loop is stable and that set point is maintained.

Control loop trend data shall be instantaneous and the time between data points shall not be
greater than one minute.

Step 5 (Certification of Test Readiness)- Before scheduling the Performance Verification Test,
furnish the field test documentation and written certification to the Contracting Officer that the
installed system has been calibrated, tested, and is ready for the Performance Verification Test
prior to receiving written permission to proceed from the Government.

Step 6 (Implementation of the Performance Verification Test Plan) - In implementing the
ACATS testing, the Contractor meets the Government Representative at the jobsite. The
Contractor should be fully prepared to implement the test, having all necessary instrumentation
at hand. Also, the controls Contractor's Representative in attendance should be familiar with the
test plan. The Contractor then implements the test using the test plan as outlined. It is strongly
encouraged that the test plan be strictly followed while conducting the testing. It provides a
"road map" for keeping the testing on an organized path and minimizes the chance of
inadvertently deleting any portion of the testing.

If any portion of the testing identifies deficiencies, all such deficiencies should be compiled on a
punch list for correction and shall be fully addressed by the field report. Judgment must be
applied in deciding whether the results of the ACATS are sufficient to allow final acceptance of
the controls to be issued. Be resigned to the fact that deficiencies will be encountered. As a
matter of policy, deficiencies should be treated as punch list items when possible. However,
where it is determined that outstanding deficiencies would have an adverse impact on the
comfort, safety, or operations of the facility in question, corrections should be affected
immediately, and final approval of the controls should be deferred until corrections have been
completed and the controls have been successfully re-tested. Controls which have initially been
found deficient during testing should never be accepted after correction until they have been re-
tested.

We wish to emphasize the importance of having a Government Representative in attendance full
time during the ACATS testing. Every effort should be made to have representation by either
Code 052 or the ROICC during testing. For those projects where Code 052 will not be in
attendance due to other scheduling commitments, they should be witnessed by a Construction
Representative, Mechanical Specialist. It is unacceptable to allow the testing to be conducted
without Government representation.



Our past experiences have shown us that testing under these circumstances is
far less effective and creates a high probability of problems showing up later on.

It is very commonplace during the implementation of ACATS to determine that

changes in the controls installation have been made during installation and

revisions have not been made to the automatic controls drawings to reflect these

changes. It is recommended that the controls drawings be confirmed during the testing by a
government representative and any changed conditions noted. Always require that accurate as-
built controls drawings be provided when changes or deficiencies are identified. The ability to
effectively maintain proper maintenance of these systems is greatly affected if poor as-built
drawings are provided to facilities management personnel at turnover.

Step 7 (Submit Performance Verification Test Report)- Provide a written report containing
test documentation after the field tests are completed.

Step 8 (Performance Verification Test Review Meeting)- After submitting the Performance
Verification Test Report convene a test review meeting at the job site to present the results to the
Government. As part of this test review meeting, demonstrate by performing all portions of the
field tests that each failure has been corrected. Based on the report and test review meeting, the
Government will determine either the restart or successful completion of testing.

Step 9 (Perform Opposite Season Test)- Repeat the Performance Verification Test during an
opposite season to the first test. Test procedures of the Performance Verification Test are to be
used for the Opposite Season Test.



ACATS- SUMMARY OF THE OVERALL PROCESS

The information provided in this handbook is typical for nearly all projects. However, we highly
recommend that you consult the specifications for the specific project in question when
determining contractual requirements. There have been several generations of specifications
used for ACATS, and it is commonplace to find variations in the contractual requirements.
Always consult with the job specific specifications when administering the contract.

The following flow charts are used to provide a quick reference and summarize the overall
ACATS process.
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PROCEDURES

3.2.4.1 — System Inspection (Sheets 1 and 2)

1) Observe the equipment in its shutdown condition.
2) Check dampers and valves for proper normal positions.
3) Document each position on System Inspection Test Sheet(s).

3.2.4.2 — Calibration Accuracy and Operation of Input Test (Sheets 3 and 4)

1) Record the measured reading taken with calibrated test equipment for each sensor
listed on Test Sheet(s).

2) Record the reading provided by the Building Automation System for each sensor
listed.

3) Record any offset input for calibration purposes for each sensor.

3.2.4.3 — Operation of Outputs Test (Sheets 5 - 7)

1) Command digital outputs Off and On. Record output voltage.
2) Command analog outputs to minimum and maximum values. Record output
voltages.

3.2.4.4 — Actuator Range Adjustment Test (Sheets 8 and 9)

1) Command actuators to minimum and maximum positions. Record response of
actuator to each command.
2) Document actuator normal position on test sheet.

3.2.4.5 — Digital Controller Startup and Memory Test (Sheet 10)

1) Power down each controller on test sheet.
2) Power up each controller.
3) Verify and document that program data is retained.

3.2.4.6 — Surge Protection Test (Sheet 10)

1) Document that approved surge protection is installed on incoming power to each
controller.

2) Document that approved surge protection is installed on incoming phone
communications line to BCU.

3.2.4.7 — Application Software Operation Test; Paragraphs (a) and (b), (Sheet 11)

1) Demonstrate the ability to communicate with the digital controllers.

2) Demonstrate the ability to upload and download programs to one or more
controllers.

3) Demonstrate the ability to edit the control program in the BCU.



3.2.4.7 — Application Software Operation Test; Paragraph (c), (Sheets 12 and 13)
1) Demonstrate alarm reception at the workstation for each specified alarm condition.
2) Demonstrate communication failure alarms for each controller.
3) Demonstrate a sensor failure alarm for each analog sensor so specified.

3.2.4.7 — Application Software Operation Test; Paragraph (d), (Sheet 14)

1) Demonstrate the ability to trend an analog input value.
2) Demonstrate the ability to create a status report (trend) for a digital input condition.
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EQUIPMENT |NORMAL POSITION| OBSERVED STATE INITIALS/REMARKS
AHU-1:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
CHW COIL VALVE| COIL BYPASS
HW COIL VALVE COIL BYPASS
AHU-2:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
F & B DAMPER COIL BYPASS
CHW COIL VALVE| COIL BYPASS
HW COIL VALVE COIL BYPASS
HW SYSTEM:
HWP-3 OFF
HWP-4 OFF
HWC-1 VALVE CLOSED
FC-1:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS
FC-2:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS
FC-3:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS

Field Test.xls, Sheet1




SYSTEM INSPECTION -3.2.4.1

EQUIPMENT |NORMAL POSITION| OBSERVED STATE INITIALS/REMARKS
FC-4:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS
FC-5:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS
FC-6:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS
EF-1 OFF
FC-7:
SUPPLY FAN OFF
O.A. DAMPER CLOSED
HW COIL VALVE COIL BYPASS
CHW COIL VALVE| COIL BYPASS

Field_Test.xls, Sheet2




CALIBRATION ACCURACY and OPERATION of INPUT - 3.2.4.2

READINGS

SENSOR  |MEASURED| SYSTEM | OFFSET |  INITIALS/REMARKS

AHU-1:

INTAKE TEMP

RETURN TEMP

DISCHARGE TEMP

SPACE TEMP

AHU-2:

INTAKE TEMP

DISCHARGE TEMP

CHW SYSTEM:

CHW SUPPLY TEMP

CHW RETURN TEMP

HW SYSTEM:

HW SUPPLY TEMP

HW RETURN TEMP

FC-1:

DISCHARGE TEMP

SPACE TEMP

FC-2:

DISCHARGE TEMP

SPACE TEMP

FC-3:

DISCHARGE TEMP

SPACE TEMP

FC-4:

DISCHARGE TEMP

SPACE TEMP

Field_Test.xls, Sheet3



CALIBRATION ACCURACY and OPERATION of INPUT - 3.2.4.2

READINGS

SENSOR | MEASURED| SYSTEM | OFFSET |  INITIALS/REMARKS

FC-5:

DISCHARGE TEMP

SPACE TEMP

FC-6:

DISCHARGE TEMP

SPACE TEMP

FC-7:

DISCHARGE TEMP

SPACE TEMP

Field Test.xls, Sheet4



OUTPUT COMMAND |MEASURED VOLT. INITIALS/REMARKS
AHUT:
SUPPLY FAN OFF(OV)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE | 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
AHU2:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
OA DAMPER CLOSE(0V)
OA DAMPER OPEN(24V)
HW COIL VALVE | CLOSE(24V)
HW COIL VALVE OPEN(OV)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE | 100%(10V)
F & B DAMPER 100%(2V)
F & B DAMPER 0%(10V)
CHW SYSTEM:
CHW PUMP P1 OFF(0V)
CHW PUMP P1 ON(24V)
CHW PUMP P2 OFF(0V)
CHW PUMP P2 ON(24V)
CHILLER ACC-1 OFF(0V)
CHILLER ACC-1 ON(24V)
CHILLER RESET MIN(2V)
CHILLER RESET MAX(10V)
HW SYSTEM:
HW PUMP P3 OFF(0V)
HW PUMP P3 ON(24V)
HW PUMP P4 OFF(0V)
HW PUMP P4 ON(24V)
HWC-1 STM VALVE | 0%(2V)
HWC-1 STM VALVE | 100%(10V)

Field_Test.xls, Sheetb



OPERATION OF QUTPUTS -3.2.4.3

QUTPUT COMMAND |MEASURED VOLT. INITIALS/REMARKS
FC1:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
FC2:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
FC3:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
FC4:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)

Field_Test.xls, Sheet6




OPERATION OF QOUTPUTS -3.2.4.3

OUTPUT COMMAND | MEASURED VOLT. INITIALS/REMARKS
FC5:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
FCé6:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)
FC7:
SUPPLY FAN OFF(0V)
SUPPLY FAN ON(24V)
CHW COIL VALVE 0%(2V)
CHW COIL VALVE 100%(10V)
HW COIL VALVE 0%(10V)
HW COIL VALVE 100%(2V)

Field_Test.xls, Sheet7



OUTPUT

AHU1:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

AHUZ2:

OA DAMPER

CLOSE

OA DAMPER

OPEN

HW COIL VALVE

CLOSE

HW COIL VALVE

OPEN

CHW COIL VALVE

0%

CHW COIL VALVE

100%

F & B DAMPER

0%

F & B DAMPER

100%

HW SYSTEM:

HWC-1 STM VALVE

0%(2V)

HWC-1 STM VALVE

100%(10V)

FC1:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

FC2:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%
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OQUTPUT

FC3:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

FC4:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

FCS.

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

FC6:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%

FC7:

CHW COIL VALVE

0%

CHW COIL VALVE

100%

HW COIL VALVE

0%

HW COIL VALVE

100%
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CONTROLLER | DOWN | UP |RETENTION PROTECTION NOTES

UPCM1

UPCM2

FC1_PCM1

FC2_PCM2

FC3_PCM3

FC4_PCM4

FC5_PCM5

FC6_PCM6

FC7_PCM7

HW_PCM8

BCU1
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CONTROLLER |COMMUNICATIONS| UPLOAD | DOWNLOAD

UPCM1

UPCM2

FC1_PCM1

FC2_PCM2

FC3_PCM3

FC4_PCM4

FC5 PCM5

FC6_PCM6

FC7_PCM7

HW_PCM8

BCU1

BCU1
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C. ALARM REPORTING
SPECIFIED | NORMAL SENSOR
POINT ALARM | CONDITION CONDITION | FAILURE

UPCM1 COMM FAIL N/A
AHU2 DISCH TEMP| HIGH TEMP

AHU2 AIRFLOW FLOW FAIL N/A
AHU2 SUPPLY FAN, FAN FAIL N/A
AHU2 FILTER DIRTY FILTER N/A
AHU2 FREEZESTAT LOW LIMIT N/A
CHWS TEMP HIGH TEMP

CHWS TEMP LOW TEMP

CHWR TEMP HIGH TEMP

CHW FLOW FLOW FAIL N/A
CHILLER MALFUNCTION

UPCM2 COMM FAIL N/A
AHU1 DISCH TEMP| HIGH TEMP

AHU1 AIRFLOW FLOW FAIL N/A
AHU1 SUPPLY FAN| FAN FAIL N/A
AHU1 FILTER DIRTY FILTER N/A
AHU1 FREEZESTAT LOW LIMIT N/A
AHU1 SMOKE DET SMOKE N/A
HW-PCM8 COMM FAIL N/A
HW SUPPLY LOW TEMP

HWP P3 PUMP FAIL N/A
HWP P4 PUMP FAIL N/A
FC1-PCM1 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC1 AIRFLOW FLOW FAIL N/A
FC1 SUPPLY FAN FAN FAIL N/A
FC1FILTER DIRTY FILTER N/A
FC2-PCM2 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC2 AIRFLOW FLOW FAIL N/A
FC2 SUPPLY FAN FAN FAIL N/A
FC2 FILTER DIRTY FILTER N/A
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C. ALARM REPORTING
SPECIFIED | NORMAL | ALARM |SENSOR
POINT ALARM _CONDITION| CONDITION | FAILURE

FC3-PCM3 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC3 AIRFLOW FLOW FAIL N/A
FC3 SUPPLY FAN FAN FAIL N/A
FC3 FILTER DIRTY FILTER N/A
FC4-PCM4 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC4 AIRFLOW FLOW FAIL N/A
FC4 SUPPLY FAN FAN FAIL N/A
FC4 FILTER DIRTY FILTER N/A
FC5-PCM5 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC5 AIRFLOW FLOW FAIL N/A
FC5 SUPPLY FAN FAN FAIL N/A
FC5 FILTER DIRTY FILTER N/A
FC6-PCM6 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC6 AIRFLOW FLOW FAIL N/A
FC6 SUPPLY FAN FAN FAIL N/A
FC6 FILTER DIRTY FILTER N/A
FC7-PCM7 COMM FAIL N/A
DISCH TEMP HIGH TEMP

FC7 AIRFLOW FLOW FAIL N/A
FC7 SUPPLY FAN FAN FAIL N/A
FC7 FILTER DIRTY FILTER N/A
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POINT REPORT TIME TIME NOTES
ANALOG POINT
STATUS |BEGINNING | ENDING
POINT REPORT TIME TIME NOTES
DIGITAL POINT
END
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[ Air_handiing unit AHU-1

A. Ted manua/auto modes of sysem
1. Position the H-O-A switch to the “off’ pogtion.

[[Ja. Veify the fan sops immediately.

O b After 20 seconds, the outside and return air dampers close.

. Confirm that fan DPS/DDC fan off satus.

[]d. Confirm chilled wtr vave closed to cail.

[TJe. Confirm reheat valve open to coil.

[Jf. Check placement of return smoke detector.

Q 0. Check placement of supply smoke detector.

[CIh. Check placement of high limit static pressure sensor.

[Ji. Check placement of supply air temp sensor.

[_]i- Check placement of freezedtat.

k. Check placement o filter DPS,

[]1. Check placement of return air temp sensor.

[COJm. Check placement of return air humidity sensor.

[_In. Check placement of room air temp sensor.

[o. Veify piping/vave configuration on hot and chilled water valves.
2. Pogition the H-O-A to “Auto” position. Have the DDC system initiate start.

[:la. Confirm return air damper opens.

_Jc. Confirm a 10 second time delay starts after the return
damper is fully open. After 10 seconds the fan garts.

D b. The outside air damper opens to preset min position.
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[]d. Veify room temp control loop is activated.
[_le. Verify humidity control loop is activated.
[_f. Confirm fan DPS/DDC fan on status.
3. With the H-O-A in the “Auto” pogtion, have the DDC system initiate “ off’.
[ Ja. Verify the fan stops immediaely.
d b After 20 seconds, the outside and return air dampers close.
[Uc. Confirm the fan DPS/DDC fan off status,
[ ]d. Confirm chilled wtr vave closed to cail.
_le. Confirm rehesat valve open to coil.
4. Pogtion the H-O-A to the “On” position.
d ]a. Confirm return air damper opens.

b Confirm a 10 second time delay starts after the return
damper is fully open. After 10 seconds the fan sarts.

[CJe. The outside air damper opens to preset min position.
[ ]d. Verify room temp control loop is activated.

a e Verify humidity control loop is activated.

[Jf. Confirm fan DPS/DDC fan on status.

B. Tedting of Control Loops

1. Test room temperature control loop.

[[Ja. Raise the humidity control setpoint &t the DDC to ensure no influence on the
chilled water control valve position.

b Lower the room dry bulb temperature setpoint at the DDC to smulate a rise
in room temperature.

[Cle. Verify the chilled water control valve modulates open to the coil.

d. Verify the reheat water control valve modulates closed to the coil.
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[Je. Slowly raise the room dry bulb temperature setpoint a the DDC to smulate
adrop in room temperature in increments.

[f. Vernify that sequentialy the chilled water valve dosss to the coil and that

once the chilled water valve is fully closed to the cail, the rehest control vave

modulates open to the coil. Canfirm no over-lap_between the chilled/haf wir
cails.

d 0. Return DDC setpoints to design values.

2. Test room humidity control loop.

[_la. Raise the room temperature setpoint at the DDC to ensure no influence on
the chilled water control valve postion.

d o Verify the reheat water control valve modulates open to the coil.

[Je. Lower the room humidity setpoint at the DDC to Smulate a rise in room
humidity.

[ld. Verify the chilled water control valve modulates open to the coil.

Q le. Slowly raise the room humidity setpoint at the DDC to smulate a drop in
room humidity in increments.

[Jf. Veify thet sequentialy the chilled water valve doses to the coil, while the
reheat control vave remains open to the coil.

H 0. Return DDC setpoints to design values.

C.Test Alam/Monitoring Functions

1. Smulate smoke detector activation in accordance with manufacturers recommended
test method (magnet, smoke generator, etc.). Make sure building occupants and Fire
Dept are notified before proceeding. Cal Fire Dept both before and after testing. Test
both return air and supply air detector.

[Ja. Confirm that smoke detector actuation sends aarm to the fire darm pand.

d o Verify the fan stops immediately.

[Je. After 20 seconds, the outside and return air dampers close.
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2. Smulate a drop in chilled water coil entering air temperature by raising freezestat
setpoint, or by Spraying freezestat capillary tube eement with eectronic low temp spray,
or by manudly depressng freezestat manud reset button.

[Ja. Veify the fan stops immediatdly.

O b After 20 seconds, the outside and return air dampers close.

3. Smulate arisein duct datic pressure by lowering the high static pressure control
safety control setpoint.

d ]a Verify the fan stops immediately.
O b Afte 20 seconds, the outside and return air dampers close.

4. Confirm that the DDC initidly provides a monitor status of the air filters as being
“dean”. Smulate arisein filter differentid pressure drop by lowering darm setpoint
vaue.

[a. Confirm thet an alarm message is issued by the DDC.

D. Control 1oor Trend Log Test Procedures

1. Initiate atrend log of the room temperature control loop. Allow the unit to operate for
at least two hours to stabilize control loop operation.

[Ja. Trend room temperature, chilled water valve % open position, rehest vave

% open pogition for a period of one hour. Compile trend variable readings every
minute during the trend period.

d ]b. Print a graphed hard copy of the compiled trend data and examine it for any
indications of hunting, control ingtability, excessve offset from controlled
variable setpoint.

[Ce. Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the find compiled trend data.

[[]d. Introduce a disturbance in the control loop by raising the room temperature
setpoint from design 5°F higher.

[ Je. Continue to trend the roomconditions. Confirm that the control loop control
point converges to the new setpoint Without hunting or loop indtability.

[]f. Print a graphed hard copy of the compiled trend data.

2. Initiate atrend log of the room humidity control loop. Allow the unit to operate for at
least two hours to stabilize control loop operation.
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[Ja. Trend room humidity, chilled water valve % open position, rehest vave %
open position for a period of one hour. Compile trend variable readings every
minute during the trend period.

d b, Print a graph hard copy of the compiled trend data and examine it for any
indications of hunting, control ingtability, excessve offsst from controlled
variable setpoint.

e Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the final compiled trend data.

d Introduce a disturbance in the control loop by lowering the room humidity
setpoint from design to 5% lower.

d e. Continue to trend the room conditions. Confirm that the contral loop control
point converges to the new setpoint without hunting or loop ingtaility.

[_Jf. Print agraphed hard copy of the compiled trend data.
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L. Air handling: unit AHU-2

A. Test manud/auto modes of system

1. Pogtion the H-O-A switch to the “off’ pogtion.
[a. Veify the fan sops immediately.
H| ]b. After 20 seconds, the outside air dampers close.
[e. Confirm that fan DPS/DDC fan off status.
O 1d. confirm chilled wtr vave dosed to coil.
[Je. Confirm reheat valve open to coil.
[Jf. Confirm preheat valve open to cail.
[lg. Check placement of supply smoke detector.
H| ]h. Check placement of supply air temp sensor.
[[}j. Check placement of freezestat.
[Jk. Check placement of filter DPS.
[ ]1. Check placement of prehest leaving ar temp sensor.
[[Jm. Check placement of room humidity sensor.
[ In. Check placement of room air temp sensor.
[To. Veify piping/vave configuration on hot and chilled water valves.

Ulp. Verify that when the supply fan is de-energized, exhaust fans EF-2, 3 and 4
are  de-energized.

2. Pogtion the H-O-A to “Auto” postion. Have the DDC system initiate Sart.
[CJa. Confirm outside air damper opens.

[CJe. Confirm a damper end switch closes when the damper is fully open. The fan
then Starts only after the end switch has closed.

[Jd. Verify room temp control loop is activated.
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[Je. Verify humidity control loop is activated.
[)f. Verify the prehesat control loop is activated.
Q g. Confirm fan DPS/DDC fan on status.

[Ch. Verify that when the supply fan is energized, exhaust fans EF-2, 3 and 4 are
energized.

3. With the H-O-A in the “Auto” postion, have the DDC system initiate “off °.
[a. Veify the fan stops immediatdly.
O b After 20 seconds, the outside air damper closes.
[[Je. Confirm the fan DPS/DDC fan off status.
[]d. Confirm chilled wir valve closed to coil.
[Je. Confirm rehest vave open to coil.
[Jf. Confirm preheat valve open to coil.

d g. Verify that when the supply fan is de-energized, exhaust fans EF-2, 3 and 4
ae  de-energized.

4. Position the H-O-A to the“On” position.
[[Ja. Confirm outside air damper opens.

O b cofima damper end switch closes when the damper is fully open. The fan
then starts only after the end switch has closed.

[e. Verify room temp control loop is activated.
d « Verify humidity control loop is activated.
[Je. Verify the preheat control loop is activated.
[Jf. Confirm fan DPS/DDC fan on status.

U g. Verify that when the supply fan is energized, exhaust fans EF-2,3 and 4 are
energized.
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B. Testing of Control Loops

1. Test room temperature control 1oop.

[(a. Raise the humidity control setpoint & the DDC to ensure no influence on the
chilled water control vave pogtion.

L b Lower the room dry bulb temperaiure setpoint a the DDC to simulate a rise
in room temperature.

[Je. Verify the chilled water control valve modulates open to the cail.
d ]d. Verify the reheat water control valve modulates closed to the coil.

[Je. Sowly raise the room dry bulb temperature setpoint & the DDC to Smulate
adrop in room temperature in increments.

L. Veify that sequentialy the chilled water vave doses to the coil and thet
once the chilled water vave is fully closed to the cail, the reheat control vave
modulates open to the coil. Confirm no over-lan between the chilled/hot wir
cails.
[lg. Return DDC setpoints to design values.

2. Test room humidity control loop.

[Ja. Raise the room temperature setpoint at the DDC to ensure no influence on
the chilled water control valve postion.

[ ]b. Verify the rehest water control valve modulates open to the coil.

[Jc. Lower the room humidity setpoint at the DDC to simulate arisein room
humidity.

Q Verify the chilled water control valve modulates open to the cail.

I Slowly raise the room humidity setpoint a the DDC to smulate a drop in
room humidity in increments

LIf. Veify that ssquentiadly the chilled water valve doses to the cail, while the
reheat control valve remains open to the coil.

[Je. Return DDC setpoints to design values.
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3. Test Preheat Coil air temperature control 1oop,

d ]a Raise the leaving air temperaiure setpoint a the DDC to smulate drop in ar
temperature.

Q o Verify the Preheat water control valve modulates open to the coil.

[CJc. Lower the leaving ar temperature setpoint at the DDC to smulae arisein
ar temperature.

[]d. Veify the Preheat water control valve modulates closed to the cail.
[le. Return DDC setpoints to design values.
4. Test room humidity sensor discrimination.

[ Ja. Raise the temperature control setpoint at the DDC to ensure no influence on
the chilled water control valve postion,

b offset the room humidity sensor to smulate a rise in women's locker room
G-24 humidity.

[Ce. Offset the room humidity sensor to smulate adrop in men’s locker room G-
32 humidity.

[d. Verify the chilled water control valve opens to the coil.

e offset the room humidity sensor to smulate a drop in women's locker room
G-24 humidity.

[Jf. Verify the chilled water control valve closes to the cail.

[g. Offset the room humidity sensor to Smulate a rise in men's locker room G-
32 humidity.

[h. Veify the chilled water control valve opens to the coil.

D i. Remove sensor offsets in both rooms G-24 and G-32.

C.Test Alaam/Monitoring Functions

1. Smulate supply duct smoke detector activation in accordance with manufacturers
recommended test method (magnet, smoke generator, etc.). Make sure building
occupants and Fire Dept are notified before proceeding. Call Fire Dept both before and
after teding.
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[Ja. Confirm that smoke detector actuation sends darm to the fire darm panel.

H| ]b. Verify the fan stops immediately.

[e. After 20 seconds, the outside air damper closes.
2. Smulate a drop in chilled water coil entering air temperature by raisng freezestat
setpoint, or by spraying freezestat capillary tube eement with ectronic low temp spray,
or by manudly depressing freezestat manud reset button.

[a. Veify the fan stops immediately.

b After 20 seconds, the outside air dampers close.

3. Confirm that the DDC initidly provides a monitor datus of the air filters as being
“dea”. Simulate arise in filter differentia pressure drop by lowering darm setpoint
vaue.

[Ja. Confirm that an aarm message is issued by the DDC.

D. Contral Loop Trend Log Test Procedures

1. Initiate a trend log of the room temperature control loop. Allow the unit to operate for
at least two hours to stabilize control 1oop operation.

[[Ja. Trend room temperature, chilled water valve % open position, reheat vave

% open posgition for a period of one hour. Compile trend variable readings every
minute during the trend period.

U brinta graphed hard copy of the compiled trend data and examine it for any
indications of hunting, control ingtability, excessve offsat from controlled
variable setpoint.

[e. Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the finad compiled trend data.

[_]d. Introduce a disturbance in the control loop by raising the room temperature
setpoint from design 5°F higher.

[le. Continue to trend the room conditions. Confirm that the control loop control
point converges to the new setpoint without hunting or loop ingability.

[_]t. Print a graphed hard copy of the compiled trend data.
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2. Initiate a trend log of the room humidity control loop. Allow the unit to operate for at
least two hours to stabilize control loop operation.

[ Ja. Trend room humidity, chilled water valve % open position, reheat vave %
open position for a period of one hour. Compile trend variable readings every
minute during the trend period.

QO brita graph hard copy of the compiled trend data and examine it for any
indications of hunting, control indability, excessve offset from controlled
variable setpoint.

[le. Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the find compiled trend data.

[_1d. Introduce a disturbance in the control loop by lowering the room humidity
setpoint from design to 5% lower.

[Cle. Continue to trend the room conditions. Confirm that the control loop control
point converges to the new setpoint without hunting or loop ingtability.

[} Print agraphed hard copy of the compiled trend data.

3. Initiate atrend log of the pre-hesat coil control loop.

[ Ja. Trend pre-hest coil leaving air temperature, prehest valve % open position
for a period of one hour. Compile trend variable readings every minute during the
trend period.

O brinta graphed hard copy of the compiled trend data and examine it for any
indications of hunting, control ingtability, excessve offsat from controlled
variable setpoint.

[ Readjust control loop gain vaues if necessary and repeat test if adjustments
are made. Print a graphed hard copy of the final compiled trend data.

[d. Introduce a disturbance in the control loop by raising leaving ar temperature
setpoint from design 5°F higher.

L e Continue to trend the leaving air conditions. Confirm that the control loop
control point converges to the new setpoint without hunting or loop instability.

L. Print agraphed hard copy of the compiled trend data.
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[1I. Air_handling unit AHU-3

A. Test manua/auto modes of system

1. Pogition the H-O-A switch to the “off’ pogtion.
d a Verify the fan stops immediately.
d ]b. After 20 seconds, the outside and return air dampers close.
[ Je. Confirm that fan DPS/DDC fan off status.
[]d. Confirm chilled wir valve closed to coil.
[Je. Check placement of return smoke detector.
[Jf. Check placement of supply smoke detector.
[ lg. Check placement of hi limit tatic pressure sensor.
[ Jh. Check placement of mixed air static pressure sensor.
[]i. Check placement of downstream duct static pressure sensor.
|:|j. Check placement of supply air temp sensor.
[ Jk. Check placement of freezestat.
[l Check placement of filter DPS.
[_Jm. Check placement of return air duct temp sensor.
[CIn. Check placement of return air duct humidity sensor.
[o. Veify piping/vave configuration on chilled water valve.

[p. Verify that when the supply fan is de-energized, exhaust fans EF-5 and 7 are
de-energized.

2. Position the H-O-A to “Auto” position. Have the DDC system initiate start.
[ Ja. Confirm return air damper opens.

[Ce. Confirm a 10 second time delay starts after the return
damper is fully open. After 10 seconds the fan starts.
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H| ]b. Confirm the outside air damper opens to preset min position.
[1d. Veify supply air temp control loop is activated.

[Je. Verify downstream static pressure control loop is activated.
[If. Verify outsidereturn air satic pressure control loop is activated.
H g. Confirm fan DPS/DDC fan on status.

[h. Verify that when the supply fan is energized, exhaust fans EF-5 and 7 are
energized.

3. With the H-O-A inthe “Auto” podition, have the DDC system initiate “ off °.
d ]a Verify the fan stops immediately.
O b After 20 seconds, the outside and return air dampers close.
[c. Confirm the fan DPS/DDC fan off status
[CJd. Confirm chilled wir valve closed to coil.

[le. Verify that when the supply fan is de-energized, exhaust fans EF-5 and 7 are
de-energized.

4. Postion the H-O-A to the “On” position.
d  a Confirm retun air damper opens.

L b Confirma 10 second time delay dtarts after the return
damper is fully open. After 10 seconds the fan starts.

[Je. Confirm the outside air damper opens to preset min position.
Q « Verify supply air temp control loop is activated.

[[Je. Verify downstream static pressure control loop is activated.
[Jf. Vexify return air satic pressure control loop is activated.

d g. Confirm fan DPS/DDC fan on status.
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[ h. Verify that when the supply fan is energized, exhaust fans EF-5 and 7 are
energized.

B. Teging; of Control Loors

1. Test supply air temperature control loop.

[ Ja. Lower the supply air temperature setpoint a the DDC to Smulate arisein
temperature.

[Jb. Verify the chilled water control vave modulates open to the coil.

[Je. Slowly raise the supply ar temperature setpoint a the DDC to Smulate a
drop in temperature.

[d. Verify that the chilled water valve closes to the cail.
[_le. Return DDC setpoints to design values.
2. Test downstream static pressure control loop.

[Ja. Raise the downstream static pressure setpoint at the DDC to smulate a drop
in duct gtatic pressure.

d ]b. Verify the variable frequency drive frequency output increases and the duct
downstream gstatic pressure increases.

[ Je. Lower the duct downstream gtatic pressure setpoint to Smulate arise in duct
downstream static pressure.

d d. Verify the variable frequency drive frequency output decreases and the duct
downstream  static  pressure  decreases.

[Je. Return DDC setpoints to design values.

3. Test Mixed air gtatic pressure control loop.

[[Ja. Raise the mixed air differential static pressure control loop setpoint at the
DDC to smulate a drop in outsde air flow.

I Verify the outside air dampers remain fixed and the return ar dampers close
proportionately to increase outside air flow.

[Je. Lower the mixed air differentid static pressure control loop setpoint at the
DDC to smulate arise in outsde ar flow.
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[ld. Verify the outside air dampers remain fixed and the return air dampers open
proportionately to decrease outside air flow.

H| ]e. Return DDC setpoints to design values.

C.Test AlarmyMonitoring Functions

1. Smulate supply and return duct smoke detector activation in accordance with
meanufacturers recommended test method (magnet, smoke generator, etc.). Make sure.
building occupants and Fire Dept are notified before proceeding. Cal Fire Dent both
before and after testing.

| Ja. Confirm that smoke detector actuation sends alarm to the fire darm panel.

[Ib. Verify the fan stops immediately.

[lc. After 20 seconds, the outside and return air dampers close,
2. Smulate a drop in chilled water coil entering air temperature by raising freezestat
setpoint, or-by spraying freezestat capillary tube dement with eectronic low temp Spray,
or by manualy depressing freezestat manua reset button.

[Ta. Veify the fan stops immediately.

b oAfter 20 seconds, the outside and return air dampers close.

3. Smulate arisein duct satic pressure by lowering the high static pressure control
safety control setpoint.

[Ja. Verify the fan stops immediately.
Qb After 20 seconds, the outside and return air dampers close.

4. Confirm that the DDC initidly provides a monitor satus of the air filters as being

“dean”. Simulate arise in filter differentia pressure drop by lowering darm setpoint
value.

O a confirm that an dam message is issued by the DDC.

D. Control Loop Trend Log Test Procedures

1. Initiate atrend log of the supply ar temperature control loop. Allow the unit to
operate for a least two hours to stabilize control loop operation.
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[ Ja. Trend supply air temperature, chilled water valve % open position for a
period of one hour. Compile trend variable readings every minute during the
trend period.

Q ]b. Print a graphed hard copy of the compiled trend data and examine it for any
indications of hunting, control ingability, excessve offset from controlled
variable setpoint.

[Je. Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the final compiled trend data.

L d. Introduce a disturbance in the control loop by raising the supply air
temperature setpoint from design 5°F higher.

e Continue to trend the supply conditions. Confirm that the control loop
control point converges to the new setpoint without hunting or loop ingahility.

[Jf. Print a graphed hard copy of the compiled trend data.

2. Initiate atrend log of the duct downstream gtetic pressure control loop

[Ja. Trend downstream duct static pressure, VFD output frequency for a period

of one hour. Compile trend varigble readings every minute during the trend
period.

O brinta graph hard copy of the compiled trend data and examine it for any
indications of hunting, control ingability, excessve offsat from controlled
variable setpoint.

[Je. Readjust control loop gain values if necessary and repeat test if adjustments
are made. Print a graphed hard copy of the find compiled trend data.

[]d. Introduce a disturbance in the control 1oop by lowering the duct downstream
static pressure setpoint from design to.25 inches/62Pa lower.

[le. Continue to trend the static pressure. Confirm that the control loop control
point converges to the new setpoint without hunting or loop ingability.

LJf. Print agraphed hard copy of the compiled trend data.
3. Initiate atrend log of the outsde air Static pressure control 1oop.
[ Ja. Trend the outside air differentia static pressure, outside air damper % open

position, return damper % open position for a period of one hour. Compile trend
variable readings every minute during the trend period.
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O b Pinta graphed hard copy of the compiled trend data and examine it for any
indications of hunting, control ingtability, excessve offsst from controlled
variable setpoint.

[[Je. Readjust control loop gain values if necessary and repest test if adjustments
are made. Print a graphed hard copy of the find compiled trend data.

H| ]d. Introduce a disturbance in the control loop by raising mixed air static
pressure control differential pressure from design . 10 inches/25 Pa higher.

d ]e. Continue to trend the static pressure. Confirm that the control loop control
point converges to the new setpoint without hunting or loop ingtability.

[t Print agraphed hard copy of the compiled trend data.
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IV. Air handling unit AHU-4

A. Test manua/auto modes of system

1. Position the H-O-A switch to the “off’ position.
D Ja The Environmental Control Panel is de-energized.
[Cb. Verify the fan stops immediately.
Dc. Verify the outside air damper closes.
[]d. Confirm DX coil and compressors are de-energized.

[le. Confirm hot gas reheat valve closed to coil and face and
by-pass has been ingtalled.

[CJf. Confirm auxiliary hot water coil valve is closed to coil.
D g. Check placement of return smoke detector.
[Jh. Check placement of supply smoke detector.

D i. Check placement of refrigerant reheat coil, hot water reheat
cail, DX cail.

[]j. Check placement of filter DPS for return and outside air.
k. Check placement of room air temp sensor.

[]1. Check placement of room air humidity sensor.

[:]m. Verify piping/valve configuration on hot water valves.
Dn. Verify piping and coil configuration for DX coil.

[o. Verify that when the supply fan is de-energized, exhaust fan EF-8 is
de-energized.

2. Pogition the H-O-A to “Auto” position. Have the DDC system initiate start.
[Ja. Confirm that unit control panel is energized.

[_Jb. Confirm outside air damper opens.

ACATSTest Plan Gymnasium.doc 18



[Je. The outside air damper opens to preset min position.
Q ]d. Confirm the fan dtarts.

Q e Verify room temp control loop is activated.

[_f. Verify humidity control loop is activated.

[ Jg. Verify Spawater temperature control loop is activated.
[Jh. Vernify Pool Heating Water control loop is activated.

[li. Raise the outside air damper minimum position setting by the unit control
pand and confirm that the damper pogitions toward the full open pogtion.

i Verify that when the supply fan is energized, exhaust fan EF-8 is energized.
3. With the H-O-A in the “Auto” position, have the DDC system initiate “off’.

[Ja. The Environmental Control Panel is de-energized.

[b. Verify the fan stops immediatdly.

[ Jc. Verify the outside air damper closes.

| ]d. Confirm DX coil and compressors are de-energized.

[_Je. Confirm hot gas reheet vave closed to coil and face and
by-pass has been ingalled.

Q1. confim auxiliary hot water coil valve is closed to coil.

L g Veify that when the supply fan is de-energized, exhaust fan EF-8 is
de-energized.

4. Postion the H-O-A to the “On” position.

[a. Confirm that unit control pand is energized.

Qb Confirm outside air damper opens,

[c. The outside air damper opens to preset min position.

O d. Confirm the fan Sarts.

O e Verify room temp control loop is activated.
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[Jf. Verify humidity control loop is activated.
g. Verify Spa water temperature control loop is activated.
. Verify Pool Hesting Water control loop is activated.

. Veify that when the supply fan is energized, exhaust fan EF-8 is energized.
B. Tedting of Control Loops

1. Test room hesating temperature control loop.

[ Ja. Raise the room dry bulb temperature setpoint at the unit control pandl to
smulate a drop in room temperature.

I Verify the 3w diverting valve on the compressor hot gas circuit diverts

refrigerant hot gas from the auxiliary air cooled condenser to the hot gas rehesat
coil and the face damper begins to open.

[Cle. Raise the room dry bulb temperature setpoint & the unit control pandl to
smulate a further drop in space temperature.

ad « Verify that the auxiliary hot water reheat coil  3/w valve opens to the coil and
the hot gas coil face damper is fully open.

[TJe. Lower the room dry bulb temperature setpoint & the unit control pand to
amulae arise in room temperature,

LJE. Verify that the auxiliary hot water rehest coil 3w vave closss to the coil.

[[lg. Lower the room dry bulb temperature setpoint at the unit control pand to
samulate a further rise in space temperature.

I Verify the 3w diverting valve on the compressor hot gas circuit diverts
refrigerant hot gas to the auxiliary air cooled condenser in lieu of the hot gas
rehegt coil and the face damper is fully closed.

O i Rewn DDC setpoints to design values.

2. Test room humidity control loop.

[a. Raise the room temperature setpoint & the unit control pand to ensure no
cooling demand influence on the DX cooling.
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O o Verify the rehest water control valve modulates open to the coil, and the hot
gas rehedt is activated.

[Je. Sowly lower the room humidity setpoint &t the unit control panel to Smulate
arise in room humidity.

[ ]d. Verify the first stage of compressor capacity is energized and the lower coil
section solenoid vave is open while the upper coil section solenoid vave closed.

O Je. Slowly lower the room humidity setpoint further a the unit control pand to
amulae a further rise in room humidity in increments.

[Jf. Verify that both stages of compressor capecity are activated and both DX
coil solenoid valves are open, while the rehegt control valve remains open to the
coil.

[Jg. Sowly raise the room humidity setpoint at the unit control pand to smulate
adrop in room humidity.

[Ih. Verify the first stage of compressor capacity is energized and the lower coil
section solenoid valve is open while the upper coil section solenoid vave closed.

[Ji. Lower the room cooling setpoint &t the unit control panel to smulate a call
for cooling.

. Verify that both coil sections solenoid valves open.

[TJk. Raise the room cooling setpoint a the unit control pandl to Smulate the
cooling space load is satisfied.

(1. Verify that upper coil section solenoid valve closes.
[Jm. Return unit control panel setpoints to design values.
3. Test room cooling temperature control loop.

[la. Lower the room dry bulb temperature setpoint &t the unit control pand to
amulae arise in room temperature.

[CIb. Veify the first stage of compressor capacity control is energized.

[_Jc. Lower the room dry bulb temperature setpoint at the unit control panel to
smulate a further rise in space temperature.

[1d. Verify that the second stage of compressor capacity control is energized.
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[Je. Raise the room dry bulb temperature setpoint & the unit control pand to
smulate a drop in room temperature.

. Verify that the second stage of compressor capacity control is de-energized.

d g. Raise the room dry bulb temperature setpoint a the unit control pand to
smulate a further drop in space temperature.

[(h. Veify the first stage of compressor capacity control is de-energized.
O i, Rewm DDC setpoints to design values.

4. Test Pool Water Heating Control Loop.

[[Ja. Raise the aquastat setpoint to Smulate a drop in pool water temperature.
b Veify tha, if the Pool Water Flow Switch is made, the pool water

refrigerant diverting vave is de-energized, sending hot gas from the auxiliary ar
cooled heat rejection condenser to the Pool Heat Exchanger.

[c. Raise the aquastat setpoint further to smulate a continued drop in pool water
temperature.

d Verify that with a continued drop in pool water temperature, the pool gas
fired hegter is energized.

O e Lowerthe aquastat setpoint to Smulate a rise in pool water temperature.

[Jf. Verify that with arisein pool water temperature, the pool gasfired heater is
de-energized.

d 0. Lower the aquastat setpoint further to Ssmulate a continued rise in pool water
temperature,

[h. Veify that the pool water refrigerant diverting valve is energized, sending

hot gasto the auxiliary air cooled heat rgection condenser in lieu of the Pool Hesat
Exchanger.

C.Test AlamyMonitoring Functions

1. Smulate smoke detector activation in accordance with manufacturers recommended
test method (magnet, smoke generator, etc.). Make sure building occupants and Fire

Dept are notified before proceeding. Cal Fire Dept both before and after testing. Test
both return air and supply air detector.

[Ja. Confirm that smoke detector actuation sends darm to the fire darm pand.

ACATSTest Plan Gymnasium.doc 29



d o Verify the fan stops immediately.
[Je. The outside air dampers close.
2. For both the outsde air and return air filter cabinets confirm that the DDC initidly
provides a monitor atus of the air filters being “clean”. Smulate arise in filter
differentid pressure drop by lowering darm setpoint vaue.
[ Ja. Confirm that an darm message is issued by the DDC.
3. Veify placement and function of Remote Control Pandl.
[(a. Verify that the pand has a functiond system switch.
[Ib. Veify that the pand has a functiona fan switch.
[[Je. Verify that the pandl has six(6) status lights.
4. Verify placement and function of Setback Monitoring Panel.
[[a. Veify tha the pand has a functional system switch.
Q o Verify that the panel has a functional fan switch.
[e. Veify that the pand has six(6) status lights.
[]d. Verify 24 hr battery backup.
[ Verify manua over-ride.
[If. verify remote outside air potentiometer.
5. Veify placement and function of sensors.
[ Ja. Verify room temperature sensor monitoring function at the DDC.
d b. Verify room humidity sensor monitoring function & the DDC.

6. Verify Trouble Alarm Interface between the Environmental Unit Control Pandl.

[(a. Veify that an darm condition a the Unit Control Panel will initiate an
darm datus at the DDC.
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V. Chilled Water Svstem

A. Tet manua/auto modes of system

1. Position the H-O-A switch to the “off’ pogtion.

[Ja. Confirm the present DDC designated lead chilled water pump is
de-energized.

d o Verify the chiller microprocessor controller is de-activated.
[Ce. Veify the chiller is de-energized.

[ ]d. Confirm placement of chilled water flow meter and differential pressure
transmitter.

[Je. Confirm placement of chilled water supply and return temperature sensors.

2. Pogtion the H-O-A switch to the “on” pogtion.

O a confim the present DDC designated lead chilled water pump is
energized.

O b. Once the pump energizes, confirm that pump differential pressure switch
initiates a DDC pump on status, and the chiller microprocessor control panel
energizes.
[le. Veify the chiller is energized.

3. Pogition the H-O-A to “Auto” position. Have the DDC system initiate stop.

[[Ja. Confirm the present DDC designated lead chilled water pump is
de-energized.

d ]b. Once the pump de-energizes, confirm that pump differential pressure switch
initiates a DDC pump off gtatus, and the chiller microprocessor control pane
de-energizes.

[Je. Confirm that the chilled is then de-energized.
4. With the H-O-A in “Auto” position, have the DDC system initiate Start.

[]a. Confirm the present DDC designated lead chilled water pump is energized.
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O b oncethe pump energizes, confirm that pump differential pressure switch
initiastes a DDC pump on status, and the chiller microprocessor control pandl
energizes.

[Je. Confirm that the chilled is then energized.

5. With the H-O-A in “Auto” podition, have the DDC initiste stop. Then re-initiate Start
thru the DDC.

[(a. Confirm the DDC dternates the lag chilled water pump with the lead pump,
such that the prior lag pump is started on re-start.

6. Smulate aloss of operation a the lead chilled water pump by vaving off the pump
differentia pressure switch pressure taps.

[a. Veify that the DDC monitors aloss of pump flow. After a 30 second time
delay time out duration, the DDC gtarts the lag pump and de-activates the lead
pump.

7. Verify that once the chiller microprocessor controller is activated, the chillers locd

control pane mantains capacity control of the chiller and maintains the desired supply
chilled water temperature.

H| ]a Verify that the microprocessor controller is activated.

O |b. Verify that the chilled water supply temperature is maintained a setpoint.
8. Smulate aloss of power to the chiller contral circuit.

[Ja. Once the chiller is off, re-establish power to the chiller.

D b. Verify that the previous lead chiller designation remains in place by the
DDC.

[e. Verify that the chiller starts with the norma designated automatic start
mode.

B. Chiller Trend Logs

1. Trend the outside ar temperature for 2 hours.

| Ja. Confirm that the DDC posted temperatures readings track with actual
measured outside ambient temperature.

d b rinta graphed hard copy of the trend results.
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2. Trend System capacity for 2 hours.

O aTred system capacity in kW. Also trend on the same graph, flow, chilled
water entering and leaving water temperature and set point.

d brinta graphed hard copy of the trend results.

[Jc. Ensure that the trended chilled water supply temperature meets design
intended conditions and the control loop is stabile on the chiller microprocessor
control pandl.

C. Chiller Alams/Monitoring

1. Run time maintenance.

[a. Veify that the DDC maintains runtime totals for the chiller and each pump.

2. Higtorica Log of Alarms.

| ]a Veify that the DDC maintains a historical log of al darms.
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V1. Hot Water Heating Svstem
1. Pogition the H-O-A switch to the “off’ postion.

[ Ja. Confirm the present DDC designated lead hot water pump is
de-energized.

Q o Verify the boiler loca controls are de-activated.
[ Jc. Veify the bailer is de-energized.

O 4 confim placement of hot water flow meter and differential pressure
trangmitter.

[ Je. Confirm placement of hot water supply and return temperature sensors.

2. Position the H-O-A switch to the “on” position.

[ Ja. Confirm the present DDC designated lead hot water pump is
energized.

O b oncethe pump energizes, confirm that pump differential pressure switch
initiates a DDC pump on status, and the boiler control panel energizes.

[Je. Veify the bailer is energized.
3. Pogtion the H-O-A to “Auto” position. Have the DDC system initiate stop.

[ Ja. Confirm the present DDC designated lead hot water pump is
de-energized.

d h. Once the pump de-energizes, confirm that pump differentiad pressure switch
initiates a DDC pump off status, and the boiler control panel
de-energizes.

[e. Confirm that the boiler is then de-energized.
4. With the H-O-A in “Auto” pogtion, have the DDC system initiate Sart.
[Ja. Confirm the present DDC designated lead hot water pump is energized.

d b. Once the pump energizes, confirm that pump differential pressure switch
initiates a DDC pump on gatus, and the boiler control panel energizes.

[ Je. Confirm that the boiler is then energized.
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5. With the H-O-A in “Auto” position, have the DDC initiate stop. Then re-initiate start
thru the DDC.

[CJa. Confirm the DDC dternates the lag hot water pump with the lead pump,
such that the prior lag pump is Started on re-dtart.

6. Smulate aloss of operation at the lead hot water pump by vaving off the pump
differentia pressure switch pressure taps.

[ Ja. Verify that the DDC monitors aloss of pump flow. After a30 second time
delay time out duration, the DDC garts the lag pump and de-activates the lead
pump.

7. Veify that once the boiler is activated, the bailer local control pand maintains the
desired supply hot water temperature.

[(a. Verify that the boiler controls are activated.
O b. Verify that the hot water supply temperaiure is maintained a Setpoint.
[CJe. Smulate adrop in outside air temperature by offset at the DDC.

[d. Verify that the boiler hot water supply setpoint is raised to correspond to the
specified schedule.

8. Smulate aloss of power to the boiler contral circuit.
[la. Once the bailer is off, re-establish power to the bailer.

I Verify that the previous lead hot water pump designation remains in place
by the DDC.

[e. Verify that the boiler starts with the norma designated automeatic start mode.

B. Boiler Trend Logs

1. Trend the outside ar temperature for 2 hours.

[_Ja. Confirm that the DDC posted temperatures readings track with actual
measured outside ambient temperature.

d b rinta graphed hard copy of the trend results.
2. Trend System capacity for 2 hours.
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[Ja. Trend system capacity in kW. Also trend on the same graph, flow, hot water
entering and leaving water temperature and set point.

O brinta graphed hard copy of the trend results.

[_lc. Ensure that the trended hot water supply temperature meets design intended
conditions and the control loop is stabile on the boiler control pand.
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VII. Exhaugt Fan Svgtems (EF-1 thru 9) and Supply Fans (SAF-1-3)

1. Pogtion the H-O-A switch to the “off’ pogtion.
[(a. Veify the fan stops immediately.

2. Pogition the H-O-A to “Auto” position. Have the DDC system initiate start.
d Ja The fan darts

3. With the H-O-A in the “Auto” position, have the DDC system initiate “off’.
[ ]a. Veify the fan stops immediately.

4. Pogition the H-O-A to the “On” posdition.
[ la. The fan sarts.

5. For Exhaust Fans EF-1,6 and 9 and Supply Air Fans |-3 Thermogtatic control.
[ Ja. Lower the setpoint on the thermostat.
[Jb. Confirm that the fan Sarts.
[ Jc. Raise the setpoint on the thermostat.

[]d. Confirm that the fan is de-energized.

| FanMark | Testing Completed Remarks
EF-1
EF-2
EF-3
EF-4
EF-5
EF-6
EF-7
EF-8
EF-9
SAF-1
SAF-2
SAF-3
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VIlI. Vaiable Air Volume Termina, Boxes

A. Occupied Mode Controls Tests

1. Test Space Temperature Control Modes

[ Ja. From an initid cold room temperature condiition, verify that the hot water
control vave is fully open, the fan energized, and the primary ar damper
posgitioned to maintain minimum specified primary airflow.

L b Smulae a rise in room temperature by dowly lowering the room thermostat
setpoint.

[_c. Veify that the hot water valve begins to move from the full open position
toward the closed postion. While the primary air damper remains positioned to
mantain minimum primary arflow. Confirm the fan remains running at dl times.

[Jd. Smulate a continued rise in room temperature by dowly lowering the room
thermogtat setpoint.

L Je Veify that the hot water control valve positions fully closed, and the
primary air damper just begins to move further open.

[_f. Simulate a continued rise in room temperature by lowering the room
thermostat setpoint further.

[Ce. Veify that the primary ar damper opens further to maintain maximum

primary arflow. Confirm that the airflow sensor AP reading is stabile with no
indication of unusud hunting or turbulence.

[Jh. From an initid hot room temperature condition, verify thet the hot water
control vave is fully closed, the fan energized, and the primary air damper
postioned to maintain maximum specified primary airflow.

[Ji. Smulate a drop in room temperature by sowly raising the room thermostat
setpoint.

[l Veify thet the primary ar damper begins to move from the maximum
primary position toward minimum position. While the hot water valve remains
positioned closed. Confirm the fan remains running a dl times.

Q ]k. Smulate a continued drop in room temperature by dowly raising the room
thermostat setpoint.
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. Verify that the primary air damper positions to minimum position, and the
hot water valve just begins to move open.

[Jm. Simulate a continued drop in room temperature by raising the room
thermostat setpoint further.

[n. Veify tha the primary air damper maintains minimum primary airflow.
Confirm that the hot water valve positions to the full open position.

B. Unoccupied Mode Controls Tests

1. Test Space Temperature Control Modes

[ Ja. From an initial warm room temperature condition, verify that the hot water
control vave is fully closed, the box fan de-energized, the main ar handler fan
de-energized and the primary air damper positioned fully closed.

O b Smuaea drop in room temperature by dowly raising the room night
thermostat setpoint.

[[Je. Veify that the hot water vave opens to the full open position. While the
primary ar damper remains postioned fully closed. Confirm the box fan is
energized.

d d. Smulate a rise in room temperature by lowering the room night thermostat
setpoint.

U le. Verify tha the hot water control valve postions fully closed, and the
primary air damper remains closed. The box fan is de-energized.
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Box Mark | Testing Completed

Remarks

Sle|o|[~|ofo|s]w|rof-

12

13

14
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TAB G

DALTS



DUCT AIRLEAKAGE TESTS(DALTYS): AN INTRODUCTION

Experience has shown that excessive duct air |eakage has been a chronic problem associated with
HVAC installations. We have repeatedly encountered HVAC systems during TABS that have
experienced leakage ratesin low pressure systems far in excess of normally acceptabl e rates of
fiveto ten percent. Leakage rates upward of forty-five percent have not been uncommon. We
can only conclude that either of two thingsis occurring. Either the workmanship attained on our
projects during installation of the sheet metal ductwork has been less than desirable or the need
for pressure testing of low velocity/low pressure duct systems runs contrary to the claims of
SMACNA. In either case, the leakage rates being encountered were considered to be
unacceptable from a system performance standpoint.

To achieve less duct |eakage, requirements have been incorporated into Specification Section
15950 to require the Contractor to conduct a pressure test of the installed ductwork to quantify
the leakage rate of installed systems. These tests are required to be conducted in accordance with
SMACNA's Duct Air Leakage Test Manua. In utilizing DALTS, the quality assurance applied
to the workmanship of the installed ductwork becomes less subjective in that a quantitative test
method is utilized for evaluating acceptability. Also, the leakage rate of can be assessed at atime
which would alow corrective measures to be taken with minimal delays and/or rework.

In the past, excessive duct leakage was not discovered until the TABS data was compiled and
reported. Thiswould normally have occurred after the ductwork had been insulated and all
dropped ceilingsinstalled. Corrective measures at that point would normally have been both
costly and disruptive. Theremoval of ceilings and the removal of installed duct insulation would
have been necessary. To further familiarize the reader with this process, the following provides a
description of the submittals and work activities associated with DALTS.



DALTS: SUBMITTALSAND WORK ACTIVITIES

Step 1 (Designer Deter mines Testing Requirements) - It isthe designer's responsibility to
determine the extent of duct testing required on each project. Typically, the designer isto
identify which duct systems are to be tested, what seal classis required for each duct system, the
required pressure class for each duct system, the leakage class required for each system, and the
test pressure that each duct system isto betested at. All of thisinformation must be included
either on the drawings or in the specifications. If the designer fails to provide thisinformation, a
contractually enforceable duct |eakage test has not been adequately defined.

Step 2 (Pre-DALT'S Meeting) - After contract award, the Contractor meets with the TABS
Engineer and the Contracting Officer to review the DALTS contractual requirements and the
Contractor's scope of work and to make sure that no misunderstandings exist.

We wish to emphasi ze the importance of discussing the need for the Contractor to provide
flanged duct connections liberally installed throughout the duct system which can easily be
disconnected/reconnected. The testing is normally conducted on arandom basis with only select
portions of the duct system being tested. It is very much to the Contractor's advantage to provide
means for disconnecting and temporarily blind flanging the ductwork to facilitate testing which
requires minimal effort on the sheet metal Contractor's part.

Step 3 (Notice of Duct System Installation Completion) - After completing the installation of
the ductwork for a given HVAC system, the Contractor is required by contract to provide notice
to the Government within five days. This provides notice to the Government that the Contractor
wishes to conduct DALTS testing on the system and that they are awaiting information to be
provided by the Government as required under Step 4.

Step 4 (Contracting Officer Selects Duct Sections To Be Tested) - On receipt of notification
from the Contractor, as described by Step 3, the Contracting Officer will then determine which
portions of the duct system areto be leak tested. Typicaly, thisfunction will be conducted by
the project assigned Construction Representative. The Contractor must be provided with the
location of the desired test duct sections within seven days after the Construction Representative
has received notice from the Contractor. The purpose of this requirement is to avoid providing
any advance notice to the Contractor of intended test locations. This prevents any special
workmanship/treatment being applied to the designated duct test sections which might negate the
validity of random testing.

Step 5 (Notice of DALTS Work Starting) - The Contractor is required to provide fourteen days
notice prior to start of the DALTS. This gives the Government the opportunity to arrange for
personnel to be in attendance, if they so choose, during the actual testing.



Step 6 (DALTS Field Work Commences) - After the Contractor receives selections of the duct
sections to be tested, he is then authorized to proceed with the DALTS testing on the system in
question. The test duct sections are isolated with blind flange connections. The pressure blower
assembly and calibrated airflow orifice, as prescribed by the SMACNA Duct Leakage Test
Manual, are utilized for testing.

Step 7 (TABS Supervisor Field Visit) - The TABS Supervisor isrequired to visit the jobsite
sometime during the field testing to validate that proper test procedures are being implemented
by the TABS Field Leader. The length of thisvisit isrequired to be of sufficient duration to
allow the TABS Supervisor to certify that proper procedures have been complied with during the
testing.

Step 8 (Verbal Notice of DAL TS Completion) - Once the Contractor has completed the
DALTS testing on a given system, notification isissued to the Contracting Officer, which places
the Government on notice that the DALTS Field Check will be conducted in forty-eight hours.

Step 8a (Prepare Pre-final DAL TS Report) - Concurrent with Step 8, the TABS Field Leader
compiles apre-final report. Thisreport is submitted to the ROICC for use in conducting a
DALTS Field Check. The Contractor is required to submit the report within one day after
completing the DALTS testing.

Step 9 (Conduct DAL T'S Field Check) - The Contractor and the Contracting Officer's
Representative (usually, the Construction Representative) will meet, and the Contractor will
demonstrate the repeatability of the test data. All duct systems are required to be successfully
tested prior to being insulated. Steps 2 through 9 are to be repeated for each respective duct
system that is required to undergo duct leakage testing.

Step 10 (Preparation and Submittal of Final DAL TS Report) - On completion of testing and
field check of all systems, the TABS Supervisor will compile the test data for each system into a
final certified report. Thisreport isthen submitted as afinal record document indicating
completion of testing. This document is then submitted for final review for completeness and
approval.

A flow diagram follows which provides a graphic representation of DALTS. Note that the
process diagram represents the steps taken for only one duct system. The process must be
repeated for each of the installed duct systems that are specified to be leak tested.

Please note that we have enclosed a copy of the Duct Construction and Leak Test Schedule,
which will be incorporated into the construction drawings on each project requiring DALTS.
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DESIGNER DETERMINES
TESTING
REQUIREMENTS
(INCLUDED ON PLANS)

\ 4

HOLD PRE-DALTS
MEETING WITHIN 30
DAYSAFTER APPROVAL
OF TABS AGENCY
QUALIFICATIONS

Y

NOTIFY THE
GOVERNMENT WITHIN 5
DAY S OF COMPLETION
OF THE INSTALLATION
OF THE DUCT SYSTEM

Y

WITHIN 7 DAY S OF
COMPLETION NOTICE
CONTRACTING OFFICER
SELECTS 20 % OF TOTAL
DUCT SYSTEM TO BE
TESTED

Vad

PROVIDE THE
GOVERNMENT WITH 14
DAY S NOTICE BEFORE
THE START OF DALTS
WORK

CONTRACTOR BEGINS
DALTS FIELD WORK

\

4

TABS SUPERVISOR IS
REQUIRED TO MAKE
FIELD VISITS IN ORDER
TO CERTIFY DALTS
REPORTS

v

v

PROVIDE VERBAL
NOTICETO
GOVERNMENT OF DALTS
COMPLETION AND
START FIELD CHECK
WITHIN 48 HOURS

PREPARE PRE-FINAL
DALTS REPORT WITHIN 1
DAY OF COMPLETION OF

DALTS

\

CONTRACTING OFFICER
SELECTS 50% OF TESTED
DUCTWORK TO
CONDUCT DALTSFIELD
CHECK

PREPARE AND SUBMIT
FINAL DALTS REPORT

** DATESARE
SUBJECT TO CHANGE
BASED ON SPECIFIC
CONTRACT
REQUIREMENTS

DALTSOVERALL PROCESS
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CONSTRUCTABILITY REVIEWS

Experience has shown that certain problems have been encountered on arepeated basis in
association with HVAC designs. To assist in identifying some of these items during the ROICC
constructability review, the following provides alisting which has been formatted to allow it's
use as a checklist during the review process. We highly encourage the use of thislisting and ask
you to question/comment when any of the items described are not satisfactory:

OVerify that duct leakage tests (DALTS) have been specified in Specification Section 15950 for
al projects having extensive duct systems.

OVerify that a schedule has been included on the drawings showing duct pressure class, duct seal
class, duct leakage class, duct test pressure, and duct to be tested, when duct leakage testing is
required in Specification Section 15950.

OVerify on those projects which have not included duct leakage in Specification Section 15950
that minimal leak testing has been included in Specification Section 15700. Specification
Section 15700 should specify that all duct surfaces are to be checked by hand to locate any
leakage that can be felt by touch with the fan operational. Also, verify that the specification
explicitly states that the ductwork will not be insulated until |eakage tests are completed.

OVerify that manual volume dampers are indicated for all branch main and branch ducts. This
should include al supply, return, and exhaust ductwork. Dampers at the terminal outlet should
never be used as the primary balancing device.

OVerify that splitter dampers are not specified in lieu of balancing dampers. Splitter dampers are
not endorsed by SMACNA for balancing applications.

OVerify that all air handlers of 2000 CFM or more, which have dry bulb economizers, have both
aminimum and a maximum automatic outside air damper.

OVerify that an opposed blade manual balancing damper is shown on both the minimum outside
air duct and the maximum outside air duct where max/min automatic outside air dampers are
specified for air handlers.

OVerify that an opposed blade manual balancing damper is shown for both the main return duct
and the main relief duct on al return air fans. These dampers should be in close proximity to the
automatic return and relief dampers.

OVerify that access doors are shown on the drawings for al automatic control dampers and duct
mounted coils. The location and size of the access doors should be clearly shown and reasonable
for providing service access.



OVerify that flexible duct lengths shown on the drawings are never in excess of six feet in
length. Invariably, longer lengths have been a problem.

OVerify that ducted fans have sufficient lengths of straight ductwork to alow duct traverses to be
taken. A minimum of seven and one half duct lengths of straight duct should be provided
downstream of duct fittings/components. Two and one half duct lengths should be provided
upstream of fittings/components.

OVerify that, where possible, minimum outside air ducts are sized at no lower than 800 feet per
minute velocity to alow accurate traversing. Verify that the outside air duct provides a straight
section of duct to alow accurate traversing.

OVerify for all variable air volume terminal boxes that the primary air supply inlet ducts have a
straight entry into the boxes. The ducts should have specified at |east three feet, or 6 duct
diameters, of straight length.

OVerify for all variable air volume terminal boxes that the minimum primary airflow rates
specified are never less than twenty-five percent of the specified maximum primary airflow rates.

OVerify that drawing details of powered roof exhaust ventilation fans include a requirement for
airtight caulking between the fan frame and the wood nailer of the roof curb.

OVerify that flow control balancing valves (circuit setters) are shown for al heating and cooling
coil details on the drawings, including computer room air conditioning units.

OVerify for all circuit setters detailed on the drawings that a note is included requiring the device
to be installed in accordance with the manufacturer's recommendations regarding the minimum
straight lengths of pipe both up and downstream of the circuit setter.

OVerify where symbols are used on the drawings to specify the locations of flow control
balancing valves (circuit setters) that the terminology used on the symbol legend is completely
consistent with the terminology used in Specification Section 15700.

OVerify that al pumps are specified with a circuit setter on the pump discharge. For pipe sizes
larger than three inches, aflow orifice combined with a butterfly valve should be specified.
Make sure that these features are shown on the drawing pump details.

OVerify for all cooling towers, which are specified to have a condenser water bypass for
regulating the condenser water supply temperature, that a butterfly valve is specified to be
installed in the bypass line.

OVerify where multiple chillers are specified serving a common central chilled water system that
aflow control balancing valve (circuit setter) is specified to be installed on the leaving side of



both the chilled water and condenser water (where applicable) of each chiller. Flow orifices with
butterfly valves should be provided for larger pipe sizes.

OFor all air conditioning which must operate year-round, such as those serving computer spaces,
verify that low ambient controls have been specified for the condensing units.

OThere are several time constraints placed on the Contractor with regard to the TABS submittals
and work activities. The time allocated for completion of this work, relative to the contract
calendar days specified, should be examined closaly and verified to be adequate.

OFor projects having multiple phases of construction, verify that the TABS submittals are
specified to be provided for each distinct phase. Use of a single Season | submittal for the entire
project is not acceptable.

OSome projects which have multiple phases of construction, or which have several buildings
served from central hot water/chilled water district plants, may necessitate balancing to be
accomplished more than once as work progresses. Verify that such situations have been
adequately addressed in the specifications.

OVerify that a schedule is shown on the drawings which identifies the indoor and outdoor design
conditions for all of the HVAC systems.

ONote that when reviewing multi-trade, JOC, TOC, BPA etc. contracts that the contract
specifications may not address TABS/ACATS/DALTS as thoroughly as the typical construction
contracts. It isimportant that the contract requirements be reviewed without assuming that
LANTDIV guide specifications have been used or referenced completely or even partialy. Like
all specifications, the first step is to read the specification to determine the requirements. Thisis
true also for Design/Build contracts: Review the specifications to verify what is included and
refer to the RFP to insure that the all the requirements contained in the RFP have been included
in the specification.
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COMMON TABSRELATED CONSTRUCTION PROBLEMS

Experience has shown that there are certain problems which seem to repeat themselves from
project-to-project. We have provided alisting below which can be used as a checklist on your
projects. We encourage you to use thislist early, and often, as an assist in avoiding rework and
costly delays.

TABSITEMS:

OCarefully check heating and cooling coil connections to verify that they are piped correctly to
the coil inlet/outlet. If proper connections cannot be verified from the submittal data, request the
Contractor to obtain information from the coil manufacturer.

OCarefully check al installed steam and water automatic control valvesto verify that they are
piped correctly. Also, confirm that the valves have the correct normal position and the valve
ports are connected into the pipe circuit in the correct direction. Insist on the valves being
checked prior to the associated piping being insulated. The checks described should be
accomplished using the approved automatic controls shop drawings and manufacturer's catalog
datafor the valves.

OCarefully check all heating and cooling coils to verify that flow control balancing valves
(circuit setters), thermometers, pressure gages, and specialty valving called for on the drawing
details have been installed. Make sure that they are properly located in the piping.

OCarefully check all water pumps to verify that flow control balancing valves (circuit setters),
pressure gages, and specialty valving called for on the drawings have been installed.

OVerify that flow control balancing valves (circuit setters) are correctly installed in the water
piping. There should be a minimum length of straight pipe, both up and downstream of the
valve, which isfree of any pipefittings, valves, or other appurtenances. Thisdistanceis
prescribed in the valve manufacturer's literature; insist that the Contractor strictly adhere to this
requirement.

OConfirm that all water systems are thoroughly flushed and all air removed before alowing
balancing to proceed. Make certain that the Contractor removes all fine mesh start-up strainers
from suction diffusers on pumps after the initial start-up.

OVerify that manual volume dampers are installed at all locations shown on the
drawings.

OWhere opposed blade manual volume dampers are specified, verify that the Contractor does not
install asingle blade leaf damper instead. The single blade damper is cheaper and provides less
precise adjustment of airflow.



OVerify that turning vanes areinstalled in al 90 degree miter (square) elbows
for supply, return, and exhaust ductwork.

OVerify that access doors have been installed at all automatic control dampersinstalled in the
ductwork. The access doors should be placed and be of a size that will allow for adequate
mai ntenance access in the future.

OVerify that all supply, return, and exhaust terminal outlets, such as diffusers, registers, and
grilles, are properly terminated at the ceiling. We frequently find that these outlets are installed
with aflanged sleeve that terminates on the top face of the ceiling tile with significant leakage
occurring.

OWhere flexible duct has been installed, make sure the lengths are not excessive (normally not
over 6'-O"). Duct runs should be properly supported, with no surplus duct length or sagging.
Kinks and unnecessary turns/offsets in the ducts should not be permitted. Verify that the duct is
properly terminated with either anylon or stainless steel draw band.

OWhere flexible duct has been installed, verify that all duct support hangers are of sufficient
width to avoid damage to the duct vapor seal. Use of bailing wire as a hanger affixed directly to
the duct is unsatisfactory. Refer to the SMACNA Duct Construction Standards Handbook for
proper duct support.

OVerify that al installed ductwork is properly leak tested prior to allowing the
duct work to be insul ated.

OVerify that all powered roof exhaust ventilation fans have an airtight seal between the fan
frame and the wood nailer of the roof curb to prevent short circuited airflow.

OConfirm that back-draft dampers are installed for all powered roof exhaust ventilation fans.
Verify that the dampers operate freely and are not prevented from operating due to incorrectly
placed sheet metal screws or electrical conduit.

OVerify for all variable air volume terminal boxes that the primary air
supply inlet ducts have a straight entry into the boxes. The ducts should have
at least three feet of straight length.

0On those projects having variable air volume terminal boxes, request that the TABS Engineer,
immediately after approval of the TABS qualifications submittal, be tasked with verifying that
the specified minimum primary air quantities specified are attainable with the variable air volume
terminal boxes that are being submitted for approval on the project. Thisisthe most common
design error encountered with regard to variable air volume systems. Early detection and
correction of this problem is very important.




OVerify that adequate access has been provided for al equipment located above

ceilings. If you determine that the equipment cannot be properly maintained

after installation, then the installation is not acceptable. Correction must be achieved either
through the Contractor or the designer, as deemed appropriate.

OBefore the Contractor is permitted to proceed with TABS field work, verify that approval has
been received for the TABS Qualifications Submittal, the Pre-field Engineering Report, and the
Prerequisite Checklist.

OBefore the Contractor is permitted to proceed with TABS field work, verify that
all DALTSwork has been completed.

OBefore scheduling the TABS verification, confirm that the TABS Certified
Report has been approved.

OMake sure that LANTNAVFACENGCOM Code CI52, or designated Government TABS
representative, has been notified at least ten days in advance prior to conducting TABS field
verification.

OMake sure that the ACATS Performance Verification testing is witnessed, in total, by a
Government Representative. Thisiscritical to proper ACATS testing.
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REFERENCE HVAC STANDARD DETAILS

To provide a convenient reference source for use in conducting both constructability reviews and field
quality assurance, the following listing of Cl43 prepared standard details has been provided. These details
are considered to be appropriate for most HV AC applications and are correct representation of what are
considered to be minimally acceptably for LANTNAVFACENGCOM projects. When reviewing adesign,
or when eval uating the acceptability of an installation in the field, these details provide a useful reference.

DETAIL DESCRIPTION DETAIL NUMBER
Cooling Coail, 3-way valve 1
Cooling Coil, 2-way valve 2
A.H.U. Coil Piping 3
Hot Water Coil 4
Fan Coil Unit, 3-Way Valve 5
Fan Coil Unit, 2-Way Valve 6
Steam Coil Piping 7
Hot Water Convector 8
Hot Water Fin Tube 9
Hot Water Unit Heater 10
Hot Water Unit Heater 11
Base Mounted Centrifugal Pump 12
Base Mounted Centrifugal Pump 13
Steam Converter Piping 14
Flow Indicator Detail 15
SeriesVAV Termina Unit 16
Paradld VAV Terminal Unit 17
Exhaust Fan Detail 18
Inline Pump 19

Sample DALT Schedule 20
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MANUAL FLOW CONTROL
BALANCING  VALVE

3 -WAY VALVE
SEE SCHEDULE

TO RETURN MAIN —

TO SUPPLY MAIN]

MANUAL AIR VENT (PRovIDE
AIR VENT AT COIL WHERE
AVAILABLE BY COIL MFGR.)

0! _PRESSURE GAGE TAP W/CAP
& PET COCK (TYP)

SQUARE HEAD COCK WHERE
COIL DROP GREATER THAN

TWO FEET. SEE SCHEDULE
FOR PIPE SIZES.

* THE MANUAL CONTROL BALANCING VALVES
DRAIN PANS SHALL BE INSTALLED BY THE CONTRACTOR

CONFORMING WITH VALVE MFGR’S
RECOMMENDED SPACING UP/DOWNSTREAM
FROM PIPE CHANGES IN DIRECTION

AND/OR OTHER VALVES/COMPONENTS
3-WAY VALVE PIPING CONFIGURATION IN THE PIPING.

FAN COIL UNIT PIPING DETAIL /s
NO SCALE W

S# 1re3nd



9% IreR(q

MANUAL FLOW CONTROL
BALANCING VALVE

TO RETURN MAIN

2-WAY VALVE SEE
SCHEDULE

d+—— MANUAL AIR VENT (PrROVIDE AIR
VENT AT COIL WHERE AVAILABLE
BY COIL MFGR.)

TO SUPPLY MAIN

PRESSURE GAGE TAP W/CAP
& PET COCK (NP)

* THE MANUAL CONTROL BALANCING VALVES

SHALL BE INSTALLED BY THE CONTRACTOR IN
CONFORMANCE WITH VALVE MFGR'S RECOMMENDE:D
SPACING UP/DOWNSTREAM FROM PIPE CHANGES |IN
DIRECTION AND/OR OTHER VALVES/COMPONENTS

TRAP

DRAIN PANS IN THE PIPING.
2-WAY VALVE PIPING CONFIGURATION
FAN COIL UNIT PIPING DETAIL N

NO SCALE w
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MANUAL AIR
VENT

FLOW CONTROL
CONTROL VALVE BALANCING VALVE
(INSTALL RADIATOR
VALVE WHEN AUTOMATIC

IS NOT INDICATED) ——wu__

GATE VALVE (TYP) RETURN MAIN

SUPPLY MAIN

LOCATE AIR VENT VALVES ABOVE CEILING EXCEPT
WHERE INACCESSABLE OR EXPOSED PIPING LOCATE

IN UNIT CABINET.
THE FLOW CONTROL BALANCING VALVES SHALL
BE INSTALLED BY THE CONTRACTOR IN CONFORMANCE

WITH VALVE MFGR'S RECOMMENDED SPACING
UP/DOWNSTREAM FROM PIPE CHANGES IN DIRECTION
AND/OR OTHER VALVES/COMPONENTS IN THE

PIPING.

BOTTOM FEED HOT WATER CONVECTOR

NOTE: 1

PIPING DETAIL /2
NO SCALE W

8# I'elRq



(INSTALL RADIATOR
VALVE WHEN AUTOMATIC

IS NOT INDICATED) W

| N

CONTROL VALVE FINNED ELEMENT
[ ---MANUAL AIR VENT

FLOW CONTROL
/ BALANCING VALVE

N

RETURN MAIN

GATE VALVE (TYP)X
“e——— SUPPLY MAIN

** LOCATE AIR VENT VALVES ABOVE CEILING EXCEPT
WHERE INACCESSABLE OR EXPOSED PIPING
LOCATE IN UNIT CABINET

* THE FLOW CONTROL BALANCING VALVES SHALL BE
INSTALLED BY THE CONTRACTOR CONFORMING WITH
VALVE MFGR'S RECOMMENDED SPACING UP/DOWNSTREAM
FROM PIPE CHANGES IN DIRECTION AND/OR OTHER
VALVES/COMPONENTS IN THE PIPING.

UP FEED HOT WATER FINTUBE

PIPING DETAIL N
NO SCALE W

6# 1'ejR(q
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FLOW CONTROL
BALANCING VALVE

R TURN MAIN
MANUAL AIR VENT ;

SUPPORT FROM JOIST
STRUCTURE UNLESS

OTHERWISE INDICATED ’ SUPPLY MAIN
SEE DETAIL SHEET M-
/ ,/‘
*
T GATE VALVE (TYP)
(O]
I
\— DIRT LEG

* THE FLOW CONTROL BALANCING VALVES SHALL
BE INSTALLED BY THE CONTRACTOR IN CONFORMANCE

WITH VALVE MFGR'S RECOMMENDED SPACING
UP/DOWNSTREAM FROM PIPE CHANGES IN DIRECTION

AND/OR OTHER VALVES/COMPONENTS IN THE

PIPING.
HOT WATER UNIT HEATER
PIPING DETAIL N

NO SCALE \'U
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* THE FLOW CONTROL BALANCING VALVES
SHALL BE INSTALLED BY THE CONTRACTOR
IN CONFORMANCE WITH VALVE MFGR’S
RECOMMENDED SPACING UP/DOWNSTREAM
FROM PIPE CHANGES IN DIRECTION AND/

OR OTHER VALVES/COMPONENTS IN THE
PIPING

MAKE ALL TAKE-OFFS
“Nws WITH SWING JOINTS

HWR
SUSPENDED FROM STRUCTURE

WITH THREADED RODS

(NP 4 PLACES)
MANUAL AIR
—\ VENT \l’/(] r

VERTICAL  PROPFIIFR } J
UNIT HEATER

GATE VALVE (TYP)

FLOW CONTROL BALANCING
VALVE

UNION \— DIRT LEG

HOT WATER VERTICAL
UNIT HEATER PIPING DETAIL N\
NO SCALE W
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MANUAL FLOW CONTROL BALANCING VALVE

MIN. 8 PIPE DIAMETERS

BUTTERFLY VALVE (TYP)
ISOLATOR  (NPICAL)

N VIBRATION
GLOBE OR NEEDLE /
VALVE (TYP) —— CHECK VALVE

PRESSURE GAGE WITH SERVICE
t COCK 0-60 PSI

1/47 \ COUPLING GUARD
SUCTION DIFFUSER — PUMP
SUPPORT MOTOR
GROUT IN PUMP BASE WHEN REQ'D
FLOOR gaSE  BY MFGR'S INSTALLATION INSTRUCTIONS
\ TING .4_4__..-'.‘, . ".';'.-'."J
' ANCHOR PUMP TO 4" THICK

CONCRETE PAD. PAD IS MIN. 3" LARGER
THAN PUMP BASE ON ALL SIDES. SEE

CROUT VIBRATION ISOLATION DETAIL SHEET M-

FLOOR FLANGE \—3/4” DRAIN VALVE W/ HOSE CONNECTION

* STRAIGHT LENGTHS OF UNOBSTRUCTED PIPE WITHOUT INLINE APPURTENANCES SHALL
BE INSTALLED UP/DOWNSTREAM OF FLOW CONTROL BALANCING VALVE PER MFGR’S

INSTALLATION  INSTRUCTIONS

BASE MOUNTED CENTRIFUGAL PUMP =\
1/

NO SCALE.
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BUTTERFLY VALVE (TYPICAL)

FLOW CONTROL BALANCING VALVE

STRAINER WITH

BLOWDOWN /——VIBRATION ISOLATOR  (TYPICAL)
_—— CHECK VALVE

GLOBE OR /

NEEDLE VALVE

(TYPlCAL) PRESSURE GAGE O0-60 PSIG

CONCEN;RIC ~——— COUPLING GUARD
REDUCE PUMP

(TYPICAL) OTOR

ELBOW SUPPORT

GROUT IN PUMP BASE WHEN REQ'D
BY MFGR'S INSTALLATION INSTRUCTIONS

FLOOR———__

FLOOR FLANGE —

S —~——— ANCHOR PUMP TO 4" THICK
CONCRETE BASE. BASE IS 3" LARGER
THAN PUMP IN BOTH DIMENSIONS

3/4" DRAIN VALVE W/HOSE CONNECTION
MIN. STRAIGHT PIPE 5 X

DIAMETER SUCTION OR USE
SUCTION DIFFUSER

* STRAIGHT LENGTHS OF UNOBSTRUCTED PIPE WITHOUT INLINE APPURTENANCES SHALL
BE INSTALLED UP/DOWNSTREAM OF FLOW CONTROL BALANCING VALVE PER MFGR'S
INSTALLATION INSTRUCTIONS

BASE MOUNTED CENTRIFUGAL PUMP m
NO SCALE W
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PRESSURE RELIEF VALVE
SEE SCHEDULE

WELL FOR THERMOSTATIC BULB
OUR TEMPERATURT SCNJSOR

PRESSURE GAGE
—__—__ PSIG RANGE

VACUUM BREAKER

STRAINER W/
BLOW DOWN

VALVE (TP) BY-PRESS SWE SIZE
STEAM \ AS CONTROL VALVE

\
SUPPLY j . et 7 —§

4"MAX PIPE TO
FLR. DRAIN

CONTROL VALVE =
SEE SCHEDULE

BY-PASS IF STEAM [

SUPPLY LINE IS | l;—’i ;;l
GREATER THAN 2~ X

I PRESSURE GAGE
TRAP-SEE SCHEDULE i TAP W/ CAP &

. 3 PET COCK (TYP)
CONDENSATE RETURN THERMOMETER ,

RANGE 0°TO 250°F

(TYP)

CONVERTER PIPING DETAIL =\
NO SCALE w




6 PIPE DIA. MIN.

3 PIPE DIA. MIN.

GLOEOR

STRAIGHT  PIPE

'm

7

STRAIGHT PIPE

SI

BINTTFREY VALVE
ON_DOWNSTREAM
DE OF F.I.

DIA.
FLOW fo

)

FLOW

FLOW

FLOW INDICATOR (F.l.) ‘/

NOTES:

A =

DO NOT LOCATE F.L

IN_THIS

I

N FLANGE

(TYPICAL)

POSITION RELATIVE TO UPSTREAM

ELBOW. LOCATE F.l.

PARALLEL TO

PIPE UPSTREAM OF ELBOW, NOT
PERPENDICULAR. SEE SECTION A-A.

1. ONLY STRAIGHT PIPE IS TO BE WITHIN MINIMUM
UPSTREAM & DOWNSTREAM DIMENSIONS, NO FITTINGS
OR VALVES ARE ALLOWED.

2. Fl. & VALVES SHALL BE ORIENTED FOR EASY ACCESS.
SECTION A-A IF TOP OF PIPE IS CLOSE TO STRUCTURE OR

SHOWING RELATIONSHIP

OBSTRUCTIONS, ARRANGE PIPING 10 LOCAIL
VALVE OPERATOR & F.l. CONNECTIONS ON SIDE

OF FLOW INDICATOR TO OF PIPE. NO VALVEI SHALL BE INSTALLED WITH
UPSTREAM ELBOW THE OPERATOR BELOW T | HORIZOWTAL.

FLOW INDICATOR (F.l.) DETAIL

=

ST# 1'e1q

NOscaLE (FoRr PIPES 10" AND LARGER)
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GATE VALVE ———»5%

V7

* A

—
=

* E

CHECK VALVE REQUIRED IF
SYSTEM IS PRESSURIZED
BY OTHER SOURCES

MANUAL FLOW CONTROL
/BALANCING VALVE

GATE VALVE - N.O.

UNION— _ I

REDUCER

CONCENTFjI}/[T]

CONCENTRIC
REDUCER

(CLOSE FOR PUMP
SUCTION PRESSURE)

1/4"¢
PRESSURE GAGE
T0 PSIG

RANGE

—F PUMP SUCTION AND
DISCHARGE FLANGES
ARE TAPPED, USE
THESE POINTS FOR
PRESSURER GAGE
CONNECTIONS

_////Ti
UNION GATE VALVE — N.C.

(OPEN FOR PUMP
SUCTION PRESSURE)

GATE VALVE

* STRAIGHT LENGTHS OF UNOBSTRUCTED PIPE WITHOUT
INLINE APPURTENANCES SHALL BE INSTALLED
UP/DOWNSTREAM OF FLOW CONTROL BALANCING VALVE
PER MFR’S INSTALLATION INSTRUCTIONS

INLINE CENTRIFUGAL PUMP

NO SCALE

Detail
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PROGRESS PAYMENTS



Pl Lat—

DOC: TABS.DOC
Ser
10 JUL 97

From: Commander, Nava Facilities Engineering Command
To:  Digtribution

Subj: TEST, ADJUST AND BALANCE (TAB) SCHEDULE/MILESTONES

End: (1) TAB SchedulesMilestones Guidance

1. This letter establishes a requirement for contractors to provide a detailed listing of
TAB fidd work for Heating, Ventilating and Air Conditioning (HVAC) sysems. The
implementation guidance is provided by enclosure (1) and is applicable to al newly
awarded contracts. Enclosure (1) requires TAB field work to be broken down in the
Schedule of Prices or the Network Analysis System by separate line items which reflect
measurable deliverables. The enclosure provides recommended guidance for bresking
down TAB fidd work with the specific payment percentages for each line item to be
determined on a case by case basis. The recommended stages for breaking down TAB
field work have been selected with a view towards facilitating regular progress payments
for TAB contractors and improving the quality of HVAC work by making it eesier to
monitor the work in stages.

2. The qudity of HVAC work has been an issue within DoD over the years. The
requirements provided by enclosure (1) will encourage persons responsible for TAB
work to become more familiar with what is required and should result in improved
qudity of HVAC systems. NAVFAC P-68 and applicable NAVFAC guide specifications
will be revised to include this change. The point of contract on this matter is Vincent
Spaulding, 703-325-7655 or Migud Lépez, 703-325-9015.

ROBERT R. BOYER
By direction

Didribution:

COMPACNAVFACENGCOM (00, 02)
COMLANTNAVFACENGCOM (00, 02)

CO SOUTHWESTNAVFACENGCOM (00, 02)
CO SOUTHNAVFACENGCOM (00, 02)



Subj: TEST, ADJUST AND BALANCE (TAB) SCHEDULE/MILESTONES

CO NORTHNAVFACENGCOM (00, 02)

CO EFA CHESAPEAKE (00, 02)

CO EFA Nw (00, 02)

CO EFA MIDWEST (00, 02)

CO EFA MED (00, 02)

CO EFA WEST (00, 02)

CO PWC JACKSONVILLE (00,200)

CO PWC PEARL HARBOR (00,200)

CO PWC GUAM (00,200)

CO PWC GREAT LAKES (00,200)

CO PWC NORFOLK (00, 02)

CO PWC PENSACOLA (00,200)

CO PWC SAN DIEGO (00,200)

co PWC SAN FRANCISCO (00,200)

co PWC YOKOSUKA (00,200)

CO PWC WASHINGTON (00,200)

PMRTEAM

CO, CML ENGINEER CORPS OFFICERS SCHOOL
NAVAL FACILITIES CONTRACTS TRAINING CENTER
NAVAL FACILITIES CONTRACT OFFICE, PORT HUENEME (27)



TEST, ADJUST AND BALANCE (TAB) SCHEDULE/MILESTONES GUIDANCE

A. The TAB field work shall be broken down in the Schedule of Prices or the Network
Andyss Sysem by separae line items which reflect measurable ddliverables. Specific

payment percentages for each line item should be determined on a case by case basis for
each contract.

B. The contractors shdl be required to breek down TAB work using the following line
items for TAB progress payment schedule/milestones gpplied, as appropriate, on a project
by project basis:

1. Approval of design review report: The TABS Agency is required to
conduct areview of the project plans and specifications to identify any feature, or the lack
thereof, that would preclude successful testing and balancing of the project HVAC
systems. The findings resulting should be submitted to the Government to dlow

correction of the design. The progress payment should be issued after review and
approva of the report.

2. Approval of the pre-field engineering report: The TABS Agency
submits a report which outlines the scope of field work. The report should contain details
of what systems will be tested, procedures to be used, sample report forms for reporting

test results and a quality control checklist of work items that must be completed before
TABS field work commences.

3. Season | fidld work: Incremental payments are issued as the TABS
fiddd work progresses. The TABS Agency mobilizes to the project Site and executes the
field work as outlined in the pre-fidld engineering report. The HVAC water and air
systems are balanced and operationa data should be collected for one seasona condition
(either summer or winter depending on project timing.).

4. Approval of Season | report: On completion of the Season | field
work, the data is compiled into a report and submitted to the Government. The report is
reviewed, and approved, after ensuring compliance with the pre-field engineering report
scope of work.

5. Completion of Season | field QA check: Contractor QC and
Government representatives meet the TABS Agency et the jobsite to retest portions of the

systems reported in the Season | report.  The purpose of these tests are to vaidate the
accuracy and completeness of the previoudy submitted Season | report.

6. Approval of Season Il report: The TABS Agency completes all
season | field work, which is normaly comprised mainly of taking heet transfer
temperature readings, in the season opposite of that under which season | performance
data was compiled. This data should be compiled into a report and submitted to the
Government. On completion of submittal review to ensure compliance with the pre-fied



engineering report scope, progress payment is issued. Progress payment is less than that
issued for the Season | report since most of the water and air balancing work effort is
completed under Season |.
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SUBMITTAL PROCEDURES



TABS/ACATS/DALTS SUBMITTAL REVIEW
PROCEDURES

To ensure that consistent procedures are followed in the processing and review of TABS,
ACATS and DALTS submittals, the following guidelines are provided. We have
presented the material below so that it is keyed to each activity as numbered on the
enclosed flow diagram. We encourage the ROICC to use this procedure, as it has been
found to provide prompt review of the submittals and avoids much confusion and
frustration for the Contractors as compared to previous submittal review procedures.

Item 1 — The Contractor will forward all submittals pertaining to TABS, ACATS and
DALTS to NAVFAC ATLANTIC/PACIFIC to Code CI52:

a. Specification Sections 15901 & 15910 list Field Test Plan, Performance
Verification Test Plan, and Certification Test Report. We wish to emphasize that
NAVFAC ATLANTIC/PACIFIC CI52 does not review technical and catalog
automatic controls submittals. Those particular submittals should be submitted to
NAVFAC ATLANTIC/PACIFIC CI43 or the A-E, as applicable.

Field Test Plan
Performance Verification Test Plan
Certification Test Report

b. Specification Section 15950, Testing/Adjusting/Balancing:
Heating/Ventilating/Cooling Systems:

e Agency/personnel Qualifications

e Design Review Report

e Pre-field Engineering Report

e Prerequisite Checklist and Notice of Work
e DALTS Final Certified Report

e Season I TABS Report

e Season Il TABS Report

Item 2 — All submittals are logged in by NAVFAC ATLANTIC/PACIFIC CI4A1 when
received from the Contractor. A routing memorandum is attached to the submittal, which
is then forwarded to CI52.

Item 3 — The submittal is logged into a submittal control log by CI4A1 and screened by
CI4A1 to determine whether it will be reviewed by CI52 or CI43.

Item 4 — Submittals that are to be reviewed by CI43 or CI52 are hand carried to
respective code.



Item 5 — The submittal is reviewed by CI43 or CI52. Upon completion of review, the
submittal is stamped by the reviewer.

Item 6 — Submittals reviewed by either CI52 or CI43 are logged out with CI52 and CI43
upon completion of review. On receipt of the submittal package, CI4A1 logs the
submittal for return to the ROICC. One copy of the submittal is retained by CI52 or CI43
and filed.

Item 7 — On receipt of the submittal from CI4A1, the ROICC will return the submittal to
the Contractor.

Item 8 — All submittal copies are distributed by the ROICC.



CONTRACTOR SUBMITS - CI52
TABS/ACATS/DALTS ” LOG OUT
SUBMITTAL
Y Y
CIl4Al CIl4Al
LOGS IN SUBMITTAL LOG OUT
Y Y
CI52 RETURNED TO
LOG IN/SCREEN ROICC
I
Y Y
CI52 Cl43
REVIEW REVIEW
I |
* This process applies only
for government review

submittals

TABS/ACATS SUBMITTAL ROUTING PROCESS
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PROVIDING GUIDANCE/ADVICE
TO THE CONTRACTOR ON TABS/ACTS

It has been our experience that most Contractors want to do a good job. The better
informed the Contractor is on all facets of the contract the more likely he isto perform
well. The earlier in the contract that information process starts the more effective the
results are likely to be. This applies doubly where TABS and ACTS are concerned. An
early exchanged of information on the process increases the likelihood of a successful
TABS/ACTS completion.

We have enclosed a copy of an information package that was prepared by ROICC
Jacksonville NC. They routinely provide this information to the Contractor as a mean of
developing an awareness of the contract requirements for TABS. The packageis
provided to the Contractor early after award on all contracts that contain TABS. We
consider this to be an excellent tool for getting a Contractor started in the right direction.
It conveys a message that the Government is very serious about having the work
thoroughly implemented and provides advice on how to avoid problems. A listing of
problem areas is provided which forewarns the Contractor of possible pitfalls. We highly
recommend and encourage all ROICC offices to make use of asimilar information
package in administering their contracts.



R DEPARTMENT OF THE NAVY
' OFFICER IN CHARGE OF CONSTRUCTION

l‘\ RESIDENT OFFICER IN CHARGE OF CONSTRUCTION
£C ™' NAVAL FACILITIES ENGINEERING COMMAND CONTRACTS'

pr )

7} J;.’}f -11:CAMP LEJEUNE, NORTH CAROUNA 283542-3000 N REPLY REFER TO:
= y (919) 451-2581
Uy CL,;._, , N62470-88-C-8110
we, R JAX/10C/grh

19 June 1991

J. W. Cook and Sons, Incorporated
Post Office Box 39

Highway 701 North

Whiteville, North Carolina 23472

RE: CONTRACT N62470-88-C-8 110, FIELD MAINTENANCE COMPLEX
(INCREMENT I11), MARINE CORPS BASE, CAMP LEJEUNE, NORTH
CAROLINA

Gentlemen:

In recent years the Navy has placed great emphasis on the TABS program by
specifying more detailed technical and administrative TABS requirements and by
aggressively enforcing these requirements. Unfortunately, many contractors
were initially unprepared for this increased emphasis resulting in liquidated
damages being assessed, disputes arising and a general feeling that the
government was being overzealous and insensitive to the contractor’s plight.

This letter is intended to stres our commitment toward ensuring a successful

. TABS program on this contract and to hopefully avoid some of the previous pitfalls
we have encountered with TABS. The enclosed brochure, “The TABS Solution”,
Is provided to explain the whys and wherefores of TABS and offers some pointers
to assist you in preparing your plan of attack in executing your TABS program.
Also, I am enclosing a handout, “TABS TIPS”, which provides some “lessons
learned” type information provided by the TABS industry which you may find
beneficial. Taking a few minutes to read the enclosed materials could save you
both time and money.

The AROICC assigned to your project, Mr. Mike Lynch, will devote his full
attention to TABS during the day-to-day administration of the TABS process.
Also, Mr. J. C. Wade of our staff is one of the most knowledgeable individuals at
Camp Lejeune in the TABS program. Please don't hesitate to to give Mr. Wade a
call at (919) 451-5006 if you need assistance. With your active participation, | look
forward to a successful completion of the TABS requirements of your referenced
contract.

Sincerely,

Qe 10, 1

Ga . Horne, P.E.
Deputy Resident Officer in
Charge of Construction



Introduction

I magine yourself developing a prime
piece of property by constructing a
moderately priced three story office
building for lease. The price of the
facility is about $3,000,000 with
four clients already committed to
lease space. The largest leasee is a
database management company who
leases the entire 1st floor for their
computer support center. There-
maining two floors are leased by ac-
countants and doctors.

Now imagine the tenants take pos-
session in early June, and by late
July, your nightmare begins. First,
the database company threatens to
file suit to recover for damages
caused by massive computer failures
due to excessively high heat and
humidity. Then, the accountants
and doctors inform you that they are
looking elsewhere for office space
because of employee and customer
complaints due to high heat and
lack of ventilation. You go back to
the contractor, who blames the
architects, who blame the engineers,
who blame the contractor.

Unfortunately, the government’s
been there, and thus the TABS pro-
gram was born.

Testing, Adjusting, Balancing,
and Start-up

TABS is a methodical, structured and
formalized procedure for ensuring the
government is provided WAC systems
that perform within their design para-
meters and are reliable. Anyone build-
ing a facility, even a home buyer, expects
nothing less. You, the contractor, are
concerned about quality construction and
TABS should be viewed as a tool to assist
you in providing only the highest quality
product. To that end, we ve prepared
this brocure not only to emphasize our
commitment towards making the TABS
process work but also to assist you in
complying with one of the most impor-
tant requirements of your contract. The
following tips concern areas which
appear to cause the majority of the prob-
lems encountered with the TABS pro-
gram:

a) Read your TABS specification
very earefully! 1t isimportant that you
thoroughly understand what the con-
tract requires. As the process evolves,
the TABS specification sections may
vary from contract to contract so don’t
assume this contract has the same re-
quirements as a previous contract that
you may have been involved with.

b) Know the TABS firm that you are
dealing with! We ask for documenta-
tion of their experience, but you should



ensureyourself that they not only have
the technical expertise to accomplish
the task but should also be stable and
motivated enough to do the job quickly
and effectively. Some of the biggest
headaches that we've had were with
TABS firms who either didn't fully
understand what was required or didn't

have sufficient money in their quote to
satisfactorily complete the job, or both.

c) Be very sensitive to the time con-
straints governing the TABS
process. Contractors who have prob-
lems with T'S are invariably un-
timely in meeting their submittal time-
tables. Build these timetables intoyour
project scheduling systemand flag these
items as critical.

d) Be aware that your TABS engi-
neer must review the plan8 and
bring any design deficiencies or
omissions to the government’8
attention. Many contractors are under
the mistaken impression that design
omissions and deficiencies which sur-
face during the testing and balancing
stage are entirely the government’s
responsibility.  Wrong!” Your TABS
engineer is specifically tasked with
submitting a design review report list-
ing any omissions or deficiencies which
may preclude the TABS team from
complying with the contract require-
ments. In the unlikely event the TABS
engineer discovers no deficiencies, he
must so state in writing.

e) The “Pre-TABS” meeting could
be one of the most important meet-
ings of the contract. We have a TABS
representutive on our staff who will be
closely involved with the TABS pro-
gram. The initial meeting is intended
to discuss submittals, work schedules
and field quality control. You should
plan to have appropriate personnel at
the meeting and be prepared to discuss
any aspect of your TABS program.

P Think of execution of the TABS
program a8 ¢ team effort! You should
not feel alone when pursuing TABS.
The ROICC office, the designers,
LANTNAVFACENGCOM and thecon-
tractor are key players in the
process and &yl -&_ mustall work

together for ARya successful
comple- g} tion.  Our
staff stands ready

to assist you anyway they
can with A 'your ques-
tions or-problems regarding TABS. The
TABS program has been put on the
front burner by the Naval Facilities En-
gineering Command, and we urge that
you do the sume. Many contractors
watch with dismay as their projects are
accepted with liquidated damages be-
cause TABS was notgiven the attention
or priority it deserved. Your top man-
agetnent, the CQC representative, the
project manager and the superinten-
dent should be attuned to the impor-
tance of the TABS process and their

roles in accomplishing the taskat hand.
By working together, we can and will
make it work!

g) Remember, theproject cannot be
accepted until all TABS require-
ments are satisfied. As stated ear-
lier, some contractors have watched
their profit margin shrink because the
project could not be accepted due to
TABS problems. Although specifically
stated in thecontract, contractors often
feel that this requirement is extreme,
with thegovernment being overzealous
in its enforcement. But rernernber back
to the imaginary scenario in the intro-
duction, and you should understand
why it's critically important that we
accept a completed product free of con-
struction and/or design related me-
chanicalproblerns. Previous mechani-
cal disasters with newly constructed
facilities have prompted the Navy’s
TABS program, and we hope that you
will choose to be part of the TABS
solution rather than part of the prob-
lem.

h) DON'T BE AFRAID T0O ASK
QUESTIONS!




TABS TIPS

A Virginia based TABS firm Tidewater Services of
Cheasapeake, I nc. recently prepared a
presentation at the request of Atlantic Division,'
Naval Facilities Engineering Command to convey to
Government personnel the industry's views of the
TABS process now being inplenented on large
construction contracts. felt it may be
beneficial to condense this presentation and
share it with you Brior to construction start to
assi st you in establishing your TABS strategy.

For sinplicity sake, we've presented nost
information in outline formwith little
comrentary. The areas we'd like to enphasize
include pre-planning, expediency in the submttal
process, quality of ductwork installation and
provision of adequate test ports. We'd also like
to remnd you that we cannot accept a facility
until all TABS requirements have been satisfied.

Key Elements
for Sucessful TABS
¢ Communications
. Coordination of Subcontractors (by Prime)
o Cooperation Between Subcontractors
o Early Involvement of ROICC
¢  Prerequisite Checklist(Properly Executed)

° Good Specification




Your TABS Program Can:
Improve comfort level for occupants.
Cause less trouble calls after occupancy.
Reduce maintenance costs. '
Reduce operating costs.

Improve designs on future projects.

Evolvement to better quality duct systems.
Improved piping systems.

Increased knowledge of CQC and Project
superintendents,

A/E Firms are becoming more aware of TABS in
their designs (even in private work).

TABS Submittals

Qualifications:
Fairly straight forward.

Design Review Report
Questions brought out deserve a reply. This
review is intended to allow the TAB
Engineer to identify any problems that may
prevent proper balance of the systems.

TAB Agenda=

Used to communicate the TAB Engineer's
intentions of what equipment/systems will
be tested and how he intends to go about this
work This is his 'plan of attack’!

Work Strategy & Schedule:
Difficult to determine the actual
schedule early in t&project.




TABS Submittals
(continued)

Pre-field Data:
Submit actual test forms to be used with any
field data filled in that can be generated
from the the plans and equipment
submitials.

TAB Test Ports:
Coordination required between Sheet Metal
Coniractor and TAB Agency.

Prerequisite Checklist
The most important item! This is a tool to be
used in the coordination of the TABS field
process. This item is mentioned on the
average of five times in most specs.

PrerequisiteChecklist
(Single Most Important Item for Success)

Statement ofcompletion:
Prime contractor states that the HVAC
system is installed per plans and specs, and
is complete.

All systems commissioned:
The systems have been started and
debugged and are ready for operation. By
submitting this checklist, the
contractor is stating that he is satisfied that
his firm, as well as his subs, have
successfully and completely
finished with these systems:

Authorizing system operation:
In addition to the above items, the contractor
is authorizing the TAB Agency to operate all
systems (start/stop/adjust) as required to
balance.



Prerequisite Checklist
(continued)

Authorizing field testing of equipment:
The contractor is also stating that he is
prepared for his equipment to be tested as
installed, and the results of :
these tests complied as the TAB Report.

A major point of contention:
The completion and submission of the
prerequisite checklist is merely notification
for the TAB Agency to begin establishing the
mechanical punchlist. THIS IS NOT THE
CASE!

Payment note:
The Mechanical, Sheet Metal and ATC
contractors should not be '"over paid''on
progress billings, prior to the submission of t
this checklist.

Common Field Problems

Leaks in'ductwork.

Duct systems not installed per plans and specs.
Insufficient net free area on Q.A. intakes/outlets.
Dirty water systems

Air in water systems.

Grill/diffuser connections to ductwork leaking.
Very noticeable with lay-in ceiling.

Excessive lengths of flex duct; flex not properly
supported

Exhaust fan connection at roof curb.
Equipment installed in wrong location.
Undocumented field changes to air and water systems.



And Finally:

The TABS Agency stressed early ROICC involvement in the
TABS process. They see the ROICC as the catalystin
making things happen, such as ensuring an early award of
the TABS subcontract by insistingon timely submissions of
the Qualifications submittal, the Design Review, and the
Prerequisite Checklist. Timely submissions can avoid the
cost ripple caused by duct rework or provisions of additional
test ports. Timely submissions can also help avoid the pain of
liquidated damages.



TAB N
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REFERENCE PUBLICATIONS

The following provides alisting of recommended TABS reference publications, which
should be available a dl, ROICC offices.

a Teding. Bdancing and Adjusting of Environmenta Systems,
William G. Eads, P. E., Publisher: Sheet Metal and Air Conditioning Contractors'
National Association, Inc.

b HVAC Air Duct Leskage Test Manud, 1t Edition, 1985, Publisher: Sheet
Metd and Air Conditioning Contractors Nationd Association, Inc.

¢ ASHEAE Handbook and Product Directory. 1980 Systems, Publisher:
American Society of Heeting, Refrigerating and Air-Conditioning Engineers,
Inc.

d Associated Air Balance Council Nationd Standards, Fifth Edition, 1989,
Publisher: Associated Air Balance Council

e Procedurd Standards for Testing. Adjusting. Baancing of Environmenta
Sydems, Ffth Edition, 1991, Publisher: Nationd Environmental Balancing
Bureau






